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INTRODUCTION AND SUMMARY 


Introduction 


Origin and scope of study 


Because of the great public interest in the availability of medicines 
at reasonable prices, and the substantial share which antibiotics are 
taking in consumer expenditures for drugs and medicines, the Federal 
Trade Commission on July 22, 1953, adopted a resolution authoriz- 
ing and directing an inquiry into the organization and operation of the 
antibiotics branch of the ethical drug industry. 

Steps were taken to initiate the study, but pressure of other in- 
vestigations prevented the assignment of sufficient personnel to carry 
it beyond the planning stage until 1956, when the staff of the Bureau 
of Economics could return to this problem. 

An amended resolution was adopted by the Commission on July 
13, 1956, to renew the authorization for the inquiry. The text of the 
amended resolution follows: 


FEDERAL TRADE COMMISSION 
AMENDED RESOLUTION 
Report on Antibiotic Drug Industry 


Whereas the commercial manufacture of antibiotic substances in the United 
States has within less than a decade, developed into one of the major branches of 
the ethical drug industry, and has come to be an important source of newly 
discovered food and feed supplements; and 

Whereas the general public contributed largely to the establishment of an 
antibiotics industry in the United States through Federal Government promotion 
of research by which methods of producing antibiotics were developed, and 
through Government incentive to stimulate commercial production of penicillin ; 
and 

Whereas the industry is important to the public health and welfare, since 
antibiotic substances are more potent against a variety of diseases than any 
drugs previously known, and other substances produced by antibiotic manu- 
facturers have unique value as food and feed supplements in human and animal] 
nutrition, while new potentialities are still being revealed ; and 

Whereas there is a broad public interest in the availability at reasonable 
prices of the antibiotic drugs, as well as in continuing research and continuing 
incentives for the discovery and development of new uses and new antibiotics 
under the private enterprise system; and 

Whereas it appears to the Commission that, for the reasons stated herein, 
and for the purposes set forth in Section 6 of the Federal Trade Commission 
Act, an investigation of the antibioties industry by the Federal Trade Com- 
mission would be in the public interest: Now, therefore, be it 
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Resolved, That the Commission, in the exercise of the powers vested in it by 
Sections 6 and 9 of the Federal Trade Commission Act, and with the aid of any 
and all powers conferred upon it by law and any and all compulsory processes 
available to it, do forthwith proceed to investigate, for the reasons and purposes 
stated herein the organization, business, conduct, practices, and management of 
corporations engaged in the production, sale or distribution of antibiotic drugs 
in commerce, as commerce is defined in the Federal Trade Commission Act, and 
the relations of these corporations to each other and to other corporations, and 
to individuals, associations and partnerships. 

By direction of the Commission. 

(Signed) RoBert M. PARRISH, 
Secretary. 
JULY 138, 1956. 


This study is concerned primarily with the use of antibiotics as 
ethical drugs, but some of their other applications, particularly in 
animal feeds, are sufficiently important to warrant consideration. 

For several reasons, one of which was the limitation of funds, no 
study was made of the distribution of antibiotics to consumers through 
drugstores, hospitals, or other channels. 


Two requests for company data 


Immediately following the adoption of the new resolution, a data 
request was sent to the principal companies which were then, or had 
been, engaged in the manufacture of antibiotics. The questionnaire, 
which appears as appendix I, exhibit 1, required data on production, 
sales, prices, and patents. In May 1957 the same companies were pre- 
sented with a request for data on costs and profits of antibiotics opera- 
tions, as well as for additional data on production, sales and prices 
(appendix I, exhibit 2). 

This report is based upon responses of the companies to the two data 
requests and upon published materials and governmental records 
relating to the industry. 

The closing date for most statistics used in the report is the end of 
1956. There have been changes since that time, as is naturally the 
case in a developing industry, but these changes have not affected the 
basic structure and functioning of the industry. 


Principal antibiotic products and their manufacturers 


“Antibiotics” and “antibiotic substances,” as the terms are used in 
this report, mean chemical substances produced by a micro-organism, 
or identical substances produced by chemical synthesis, which have 
the capacity to inhibit the growth of other micro-organisms or to 
destroy them. 

Penicillin, the first important antibiotic substance, was marketed in 
the form of various chemical salts. The older salts, still made in 


1A galt is defined technically as “any of a class of compounds formed when the acid 
hydrogen of an acid is partly or wholly replaced by a metal or a metal-like radical.” 
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large quantities, are sodium, potassium, and procaine penicillin. In 
this report they are normally referred to by their generic names only, 
although in the market they are sold under many trademarks. The 
manufacturers of one or more of these salts in 1956 were: Abbott Lab- 
oratories; American Home Products Corporation (Wyeth Labora- 
tories Inc.) ; Bristol-Myers Company (Bristol Laboratories Inc.) 5 Eli 
Lilly & Company; Merck & Co., Inc.; Olin Mathieson Chemical Cor- 
poration (E. R. Squibb & Sons Division) ; Chas. Pfizer & Co., Inc.; and 
The Upjohn Company. 

Streptomycin and dihydrostreptomycin were the next antibiotics to 
be introduced. They were discovered in 1943 and 1945, respectively. 
In 1956 they were made by Lilly, Merck, Olin Mathieson, Pfizer, and 
American Cyanamid Company (principally in its Lederle Labora- 
tories Division). They may be marketed under their generic names, 
but trade names are often used, especially when these substances are 
marketed in combinations with other antibiotics. 

Another important group comprises the “broad spectrum” antibi- 
otics—so called because of the wider range of micro-organisms which 
they will destroy or whose growth they will inhibit. They are sold 
by the following companies and under the following trademarks: 











- Generic name Trademark Seller 
@hlorampliemicoles.=-— 1222. @hloromyectines-2-2- - 2 2b see Parke, Davis & Co. 
@hiortetracyeline-= =< = 22-2 = INUIPCOMMY Clie ene. Sel Pee Lederle. 

Oxy tetracyclines. soos. Yan AR CTR ATM CIM ae oe en are en eee Us Pfizer. 

MROCEACVCUMON cic et) ete A CHPOMI CIN oscccete 2.2.22 teeeu see Lederle. 
UR OlyiGyCMId es eek ee feo aes See ne Bristol. 
AR GGA Ce ee ne ah es ire, ea ATi Pfizer 
Sec limeer te sae ake eee te Squibb 
IRA Cline Se sa. Se eee Se eee Upjohn 


In recent years new chemical salts of penicillin have been intro- 
duced, such as— 





Generic name Trademark Seller 
Benzathine penicillins = ss 75. 2 os ING Oliities te). SEE L Sa sop ees cine SS Lilly. 
(RCRA DON = 5854. U es Ne ok Ss cee one Pfizer. 
Sacilinmekss Ak oe soe ee one eared Wyeth. 
Phenoxymethyl penicillin (commonly |) V=Cillime= 2-225) Lilly. 
called penicillin V). HEME Ons. Saree, Aaa ene actu Baa ee pants Wyeth. 
Hydrabamine penicillin... ..:-...---.---- Wom oe iin 2 ye eee ee aie ese ea Abbott. 





Two other important antibiotics, the trademarks under which they 
are sold, and the names of their sellers, are listed herewith: 








Generic name Trademark Seller 
PUP SUM OURU CME: eae: tae. Ailes BPE IS MMEOCM es hs cot mace eek mene eas ees Abbott. 
MM Oty Cline meee ee tet Oe sek ol Lilly. 
(generic name used) Upjohn. 
NOVO DLOCINMNS preset sere sess oe Ben oe PAD VEO C Ue Sate yor Ee oe Upjohn, 
Cathomy Cima s 2.53 soa hee ee eee Merck. 


471425—58——_2 
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Eleven kinds of penicillin and 18 other antibiotic substances were 
produced in 1956, of which 6 penicillins and 8 others have been listed 
above. The most important of those not listed were neomycin, olean- 
domycin, bacitracin, and nystatin, which accounted in 1956 for 6 per- 
cent of total sales. The 1956 antibiotics operations of two manufac- 
turers, Commercial Solvents Corporation and S. B. Penick & Com- 
pany, were confined to the minor products. 

Most of these antibiotics are also marketed in combinations with 
other antibiotics under many different trademarks and trade names. 
For example, Bristol Laboratories, 1 of the 4 companies licensed to 
make benzathine penicillin, sells it only in combination with potas- 
sium and procaine penicillin, under the trademark Panbiotic. Com- 
binations are rarely mentioned in this report. 

Antibiotics of medicinal grade may be sold by original manufac- 
turers either in “bulk” or in “dosage forms” (preparations ready for 
use by patients) bearing the label of the original maker. “Bulk” sales 
are commonly defined to include unlabeled dosage forms. The older 
salts of penicillin, streptomycin, and dihydrostreptomycin are sold in 
substantial quantities in bulk for packaging and labeling by others. 
Some of the newer products, such as tetracycline, are also sold in bulk 
under the terms of patent licenses. 

Dosage forms fall into three classes: (a) “oral” forms such as 
tablets, capsules, and liquid suspensions, which are administered 
through the digestive tract; (6) those administered by injection and 
called by doctors “parenteral forms,” which may be in solution, or 
in powder form with instructions on the container for adding a 
diluent to produce a suspension; and (c) “topical” forms such as 
ointments, lozenges, and powders, for external application at the site 
of the infection. There will be little reference to topical forms in 
this report. 


Summary by Chapters 


The following summary of the report covers the chapters (and any 
appendixes pertaining to them) in their order. 


1. Origin of the industry 


Penicillin, the first useful antibiotic, was discovered in England 
by Alexander Fleming in 1928, and its ability to eliminate disease- 
causing bacteria under test-tube conditions (more precisely: “in 
vitro”) was noted. Not until 1939-41 was evidence provided by 
Howard W. Florey and Ernst B. Chain at Oxford University that 
penicillin could operate effectively against bacteria in laboratory ani- 
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mals and in persons.” Dr. Florey brought his findings to the United 
States in 1941 and stimulated interest in the potential usefulness of 
the new drug for the Armed Forces. 

Research work on penicillin, already in progress at Columbia Uni- 
versity and the Mayo Clinic, was now undertaken at the Department 
of Agriculture’s Northern Regional Research Laboratory in Peoria, 
Ill. An Agriculture research team had previously worked out an im- 
provement in the deep-vat fermentation process which made possible 
its application to antibiotics. To this was now added the discovery 
that corn steep liquor could be used as a nutrient medium in the fer- 
mentation process. These two contributions of Department of Agri- 
culture scientists were significant in making volume production of 
penicillin possible. 

The United States Government organized the whole wartime re- 
search and production effort, beginning in 1941, through the Office of 
Scientific Research and Development and the War Production Board. 
Difficult problems in producing penicillin had first to be solved. Ap- 
proximately 20 pharmaceutical companies were authorized to enter 
the business, and most of them did get into production. Before the 
war ended, military needs had been met, and the drug was being made 
available in small quantities for civilian use. 

One feature of the wartime program was research into the chemi- 
cal structure and synthesis of penicillin, under contract with the Office 
of Scientific Research and Development, by several universities, the 
Department of Agriculture, and (without compensation) ten pharma- 
ceutical companies. In order to speed the research and interchange 
of results, the Office negotiated a plan for allocation of any resulting 
patent rights; but few of the patents actually issued were to prove 
important. 

Although synthesis of pencillin on a commercial scale was not 
achieved, the fermentation process became highly effective. In 19438 
the Peoria group found a penicillin mold which increased the yield to 
about 100 times that of the original Fleming mold. This new mold 
was sent to the Carnegie Institution, which bombarded it with X-rays. 
A mutant strain was developed which increased the productivity of 
the Peoria mold about five times. Later, University of Wisconsin 
geneticists, using ultraviolet-ray bombardment, increased still further 
the productivity of this strain. 

By 1945 a new and dynamic branch of the ethical drug segment 
of the pharmaceutical industry had emerged as a result of wartime 

2Drs. Fleming, Florey, and Chain were awarded the Nobel Prize in Medicine and Physi- 


ology in 1945. In 1952 Dr. Selman A. Waksman was awarded this prize for the discovery 
of the second important antibiotic, streptomycin. 
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needs and of public and private cooperation in the organization of pro- 
duction and in research. At the same time the discovery of penicillin 
had given the impetus to a whole new area of study of micro-organ- 
isms, the boundaries of which are still being extended. 


2. The influence of national defense on the development of the 
industry 


In addition to the purchase of current production for the American 
and allied armed forces after 19438, Government funds stimulated the 
wartime development of penicillin through several channels. 

Penicillin for medical testing purposes was supplied by the com- 
panies commencing late in 1941, and beginning in February 1948 pay- 
ments totaling $2 million were made for these supplies. The small 
quantities so obtained made it possible to carry on extensive penicillin 
research. Contracts were concluded with many educational institu- 
tions and hospitals for specific projects. The known cost to the Gov- 
ernment of subsidizing wartime research was approximately $2.8 
million. 

The first penicillin made in the United States was in hospitals, 
laboratories, and pilot plants. By 1948 enough had been learned to 
make plant construction possible. The Government built 6 produc- 
tion units at a cost of about $7.6 million, and the companies operating 
2 of the plants added nearly $2.9 million in packaging and power 
facilities. After the war these plants were sold to the companies for 
a total of almost $3.4 million. The 44-percent recovery on the Gov- 
ernment’s investment was very close to the 45-percent recovery from 
the disposal of wartime Government-built plants in all industries. 
Counting four plants built for other wartime purposes but bought 
by antibiotics companies after the war, this industry’s average pay- 
ment to the Government did come to 45 percent of original cost. 

The remaining 16 wartime antibiotics plants were financed by pri- 
vate industry, their total cost plus the private contribution to the 
first 6 plants being $22.6 million. Of this amount, $14.5 million, or 
approximately 64 percent, was approved for accelerated amortization 
under the Federal income tax. This permitted the companies to 
deduct their investment from taxable earnings over a 5-year period in- 
stead of the 12 to 15 years usually required for chemical manufac- 
turing plants. Rapid amortization was a regular feature of the over- 
all wartime program for stimulating expansion of defense industries. 

Toward the end of the war and during the years following, addi- 
tional antibiotics and new forms of the earlier antibiotics began to 
emerge from the research laboratories. Meanwhile, demand grew 
steadily as the uses of antibiotics were enlarged through clinical 
testing. ‘The industry met the growing demand by expanding its 
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capacity and replacing the early flask-type production units with 
deep-vat fermentation equipment. Efforts were made to satisfy some 
of the foreign demand as well, at first through exports of penicillin 
under lend-lease and as relief to devastated countries. Later, peni- 
cillin production units were also sent to Europe. 

The Korean war brought another major advance to antibiotics 
production. Under “Expansion Goal No. 129” (penicillin), indus- 
try expenditures of $110.8 million were approved, to expand capacity 
of the existing plants. On $62.8 million, or 57 percent of this $110.3 
million, the accelerated 5-year amortization was granted. 

An original production capacity goal of 3.6 billion international 
units of penicillin annually was set by the War Production Board 
during World War II. The goal at the time of the Korean war was 
600 billion units. The plant expansion then and in the following 
years brought capacity to approximately 800 billion units at the end 
of 1956, as against 1956 production of about 560 billion units. For 
streptomycin and dihydrostreptomycin, two other important antibi- 
otic substances developed during and shortly after World War II, 
the percentage of reserve capacity was about as great. In the newer 
antibiotics it was still larger. 

The supply and potential supply of antibiotics appear to be substan- 
tial. Also, Government stocks have been established for civil defense 
and for military uses. In the event of a national emergency, these 
stocks would be available, and production could be stepped up to 
capacity. 


3. Antibiotics production and manufacturers 


Most chemical materials used in the production of antibiotics are 
purchased by the manufacturers, but a few firms produce some of 
them. 

All principal manufacturers engage in the finishing and packaging 
of dosage forms from their bulk product. On the older salts of peni- 
cillin, these dosage forms come into competition with those of packag- 
ing firms—of which 45 were listed in the Drug Topics Red Book in 
1956—which purchase their bulk product from these same manufac- 
turers. 

Between 1948 and 1956 total output increased from 240,000 to 
3,081,000 pounds. Penicillin accounted for 65 percent of the total 
in 1948 and 384 percent in 1956. Streptomycin accounted for 34 per- 
cent and 5 percent in the 2 years, and dihydrostreptomycin for 1 and 
16 percent. The first broad spectrum antibiotic was introduced in De- 
cember 1948. In 1956 the 4 drugs now in the broad spectrum group 
accounted for 39 percent of total antibiotics production. More than 
half of this broad spectrum production, however, went into animal 
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feed supplements. The remaining antibiotics in 1956 consisted of 
erythromycin, 2 percent of the total; bacitracin, nystatin, and novobio- 
cin, 2 percent when taken together; and various minor products, 2 
percent. 

Seventeen salts of penicillin and 22 other antibiotic substances have 
been produced at one time or another since 1948. Eleven penicillins 
and 18 other substances were being produced in 1956. Of this number, 
four penicillins and four other substances were introduced in 1956. 

Due to price differences, antibiotics rank in dollar sales in a differ- 
ent order than in physical output. Counting only sales from the man- 
ufacturers’ own production, which were approximately 90 percent of 
total sales in 1956, dollar totals came to $165 million for the broad 
spectrum antibiotics, $67 million for penicillin, $24 million for strep- 
tomycin and dihydrostreptomycin, $18 million for erythromycin, and 
$97 million for all others. 

The peak year of manufacturers’ dollar sales was 1951. Between 
1951 and 1956 aggregate production of antibiotic substances doubled, 
but total dollar sales decreased. This was largely caused by falling 
prices for the older antibiotics and the development of new, non-med- 
ical uses at lower prices for both older and newer antibiotics. Sev- 
enty-two percent of volume of antibiotics production in 1956 was of 
medicinal grade, and 27 to 28 percent of animal feed supplement 
gerade, while the remainder went for such other uses as crop spraying 
and food preservation. The total value of medicinal grade sales from 
the companies’ own production was $273 million in 1956, and that of 
other grades was $28 million. 

The nonmedicinal grades are generally sold in bulk containers at 
lower prices. The average sales value at the manufacturing level for 
chlortetracycline, which accounted for almost half of all animal feed 
sales in 1956, was $43 a pound when sold for this use. It was $259, or 
6 times as much, in the medicinal grades. 

No company in the industry started as a manufacturer of antibi- 
otics, and all make other pharmaceutical products as well. Seven of 
the manufacturers were founded before 1900; 5 of these are still pri- 
marily or solely pharmaceutical manufacturers, while 2 have been 
absorbed into diversified corporations with important nonpharma- 
ceutical interests—Wyeth Chemical Company, into American Home 
Products Corporation, and E. R. Squibb & Sons, Inc., into Olin Mathie- 
son Chemical Corporation. Two of the other five manufacturers 

(those entering pharmaceutical production after 1900) are primarily 
or solely engaged in the pharmaceutical business, while 3 are connected 
with diversified companies. These three are the Lederle Laboratories 
Division of American Cyanamid Company; the Bristol Laboratories 
Inc., subsidiary of Bristol-Myers Company; and the ethical drug op- 
eration of Commercial Solvents Corporation. 
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Eleven of the twelve producers were in the wartime penicillin pro- 
gram. S. B. Penick & Co. began antibiotics manufacture in 1949. Of 
the other known wartime producers, 2 dropped out at the end of the 
war and 3 others later. Two firms entered the industry after the war, 
but then withdrew. 

Approximately half of the total antibiotics volume in 1956 was pro- 
duced by two companies: Pfizer and American Cyanamid, with 26 and 
23 percent, respectively. For penicillin alone, Olin Mathieson, Merck, 
Lilly, and Pfizer accounted for 82 percent of output. The trends in 
concentration as measured by dollar sales are reviewed briefly in 
chapter VIL. 

In the first years of the industry, all its members manufactured 
penicillin, Two of the early penicillin salts, potassium and procaine, 
which were made in 1949 by 18 and 14 companies, respectively, were 
still made by 7 in 1956. Streptomycin and dihydrostreptomycin 
were made in 1949 by 8 and 7 companies, respectively, and in 1956 
both products were made by 5. 

Since the research work of the companies began to yield results in 
the middle and late 1940’s, company specialties have played a larger 
role. In 1956 Pfizer was producing 14 antibiotics, Merck, 9, and 4 
other companies 5 to 7 each. Seventeen of the twenty-nine antibiotic 
substances manufactured in 1956 were the product of a single com- 
pany, 4 others of only 2 companies, and 2 others of 3 companies. It 
should be noted that the manufacturer of 8 of the 17 “exclusives” was 
not the patentee itself, but a licensee; these 8, however, were in no 
instance leaders in volume production or dollar sales. Statements by 
several of the antibiotics companies have emphasized the greater 
profitability of product specialties as against that of products which 
a number of other producers also offer. 

In only four instances was the identical antibiotic the leading gross 
revenue producer among a company’s antibiotic products in both 
1950 and 1956. These were dihydrostreptomycin for Merck; chloram- 
phenicol for Parke, Davis; oxytetracycline for Pfizer; and procaine 
penicillin for Squibb. In 1950 procaine penicillin had been the 
leading antibiotic product of eight other companies as well. The 
industry’s greatest revenue producer in 1956 was tetracycline, which 
alone accounted for 24 percent of total dollar sales from manufactur- 
ers’ own production. It was the leading antibiotic product of Ameri- 
can Cyanamid and Bristol, and an important product of Pfizer. 

In 1956 manufacturing or packaging plants of the 12 producing 
companies were located in 11 States. There were 11 manufacturing 
plants and 15 packaging plants in the Eastern States of Connecticut, 
New Jersey, New York, Pennsylvania, Virginia, and West Virginia; 
and 8 manufacturing and 10 packaging plants in the Midwestern 
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States of Illinois, Indiana, Iowa, Michigan, and Missouri. Abbott 
Laboratories, Eli Lilly & Co., Parke, Davis & Co., and The Upjohn 
Co. comprise what has been called the midwestern group. The Mis- 
souri and Iowa plants are packaging facilities owned by eastern 
companies. 

Ten of the twelve manufacturing companies reported the establish- 
ment of foreign facilities between 1950 and 1956. They reported an 
increase in the number of their manufacturing plants abroad from 4 
to 19, and of their packaging facilities from 25 to 77. In 1956 Parke, 
Davis had 9 manufacturing and 13 packaging units; none of the other 
companies had more than 12 facilities. The plants are in 22 coun- 
tries, and show various degrees of ownership and control by the 
American manufacturers. The manufacturers have also concluded a 
number of contracts to provide technological information and as- 
sistance to foreign-owned manufacturing enterprises. 

Nineteen companies now or formerly in the industry reported hav- 
ing spent $270 million for new domestic antibiotics plant and equip- 
ment from 19438 through 1956. More than half—$151 million or an 
average of $50 million a year—was invested during the 3 years of 
the Korean expansion program, 1951-538. Another $92 million, aver- 
aging $15 million a year, was invested in the interwar years 1946-50, 
and in 1954 when the Korean program was being completed. Only 
$27 million, or an average of $5 million a year, was invested in the 
other 5 years tabulated. 

In the period 1950-56, the ratio of plant and equipment expendi- 
tures to sales averaged 9.0 percent for the antibiotics industry and 4.0 
percent of all nondurable goods manufactured in the United States. 
After the spurt during the Korean war, the percentage in antibiotics 
dropped below the nondurable goods percentage. 

Total employment in antibiotics operations of the manufacturing 
companies was around 35,000 in 1956. Based on returns from 5 com- 
panies, whose 1956 employment came to 17,000, 20 to 21 percent of 
1956 employees were in manufacturing; 19 percent in “detailing” 
(1. e., selling) ; 14 percent in compounding and packaging; 8 to 9 per- 
cent in research and development; and 38 percent in administration, 
transportation, maintenance and other services. An increase of 23 
percent in employment rolls of 4 companies between 1950 and 1956 was 
sufficient to permit an increase of approximately 300 percent in their 
ageregate production. Average pounds produced by these companies 
per worker engaged in manufacturing increased approximately 210 
percent, and average pounds per packaging worker approximately 200 
percent. T'wo factors probably explain these increases: the develop- 
ment of sales for nonmedicinal uses efficiently handled in bulk; and 
automation and improved technology, especially in packaging. 
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The greatest percentage increase in number of employees between 
1950 and 1956 was in research and development. This is in line with 
the emphasis placed by the industry on the discovery of new products. 
Twenty-nine new antibiotic substances were introduced from 1949 
through 1956, of which eight had been dropped before 1956. Several 
company reports have emphasized the importance to current sales and 
profits of products which did not exist a few years earlier. 


4, The production process 


The whole production operation takes a month or more. The key 
step is the fermentation process, during which the growth of the micro- 
organisms is stimulated by nutrients, aeration, and agitation in huge 
vats. Chloramphenical is an exception, being produced by chemical 
synthesis rather than fermentation. 

The exact technical formula by which an individual manufacturer 
achieves an effective, stable, and large volume of output of a specific 
antibiotic substance is the manufacturer’s trade secret. Culture 
strains of micro-organisms differ greatly in the amounts of antibiotics 
they are capable of producing, which makes selection of the micro- 
organism and improvement of culture strains important. Nutrients of 
various types and quantities are used, the chemicals employed in the 
process are not the same for different substances, and there is no stand- 
ard formula for any single product. Improvements are constantly 
sought by the manufacturers. 

Responding to intense efforts, the yield of antibiotic substances in 
bulk production has increased remarkably. One company reported 
that in 1945 a pound of penicillin required processing of 17,442 gal- 
lons of fermentation broth. In 1953, a pound of “antibiotics” (the 
kind not specified) was reputedly being obtained from 280 gallons of 
broth. In 1956, yields of the major antibiotics were reported by one 
writer to range from 1 to 5 grams per liter, which would be the same 
as 1 to 5 pounds for each 120 gallons of broth. Estimates of this 
kind are in terms of general ranges, since yields of particular sub- 
stances are considered by the companies to be trade secrets. Yields 
differ from plant to plant and, in lesser degree, in the same plant as 
between different batches. Nevertheless, yields of the streptomycins 
and of those broad spectrum antibiotics which are produced by fer- 
mentation are likely to be of the same magnitude, since all are 
products of the Streptomyces group of micro-organisms. The yield 
of penicillin, which is produced by a mold, may average somewhat 
less. 

Fermentation time as well as yield differs between plants and varies 
at times within the same plant. One authority holds that penicillin 
on the average requires the most time, followed in order by strepto- 
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mycin, chlortetracycline, and oxytetracycline. Another authority re- 
verses the order between penicillin and streptomycin. Each, how- 
ever, puts the fermentation time for the broad spectrum antibiotics 
below that of penicillin and streptomycin. 

Yield and fermentation time are not the only influences on manu- 
facturing cost. Fermentation time, for example, is only 5 to 15 
percent of the total time required for production. Costs and efficiency 
of equipment, labor, power, and refrigeration are important; so are 
the amounts and costs of chemical and nutrient raw materials used. 
Raising the yield is sometimes uneconomical, because of the effect on 
raw material cost. Assuming all these other costs to be equal, how- 
ever, the data on relative yields and fermentation times point to a 
slightly lower cost of production per pound for the newer broad spec- 
trum antibiotics than for the older penicillins. 

Under the Food, Drug, and Cosmetic Act, samples of each batch 
of seven antibiotic substances must be certified for potency and purity 
after tests by the Food and Drug Administration. Sample dosage 
forms must also be certified as meeting tests set out in its regulations. 
No new antibiotics have been added to the certification list since 1949, 
although derivatives of substances then listed require certification. 
New antibiotics, however, are authorized for sale only after they have 
met the Food and Drug Administration standards for new drugs. 

Indicative of the increased “stability” being built into antibiotic 
substances is the lengthening period of potency for which many drugs 
are receiving approval. Antibiotics whose period was once set at 12 
months are now certified for 24 to 60 months. 


5. Marketing programs of antibiotics manufacturers 


Makers of medicinal antibiotics direct their most intensive promo- 
tional efforts toward physicians, since, under the law, ethical drugs (a 
category which includes most of the antibiotic dosage forms outside of 
ointments, salves and lozenges) cannot be sold unless prescribed or 
dispensed by a physician. Manufacturers must at the same time per- 
suade drugstores to keep their products in stock. A pharmacist whose 
stock on hand does not include a particular company’s drug will, if a 
prescription calls for this drug by its generic name, fill it with any 
brand he has on hand, or, in the much more usual case where a trade- 
marked drug is prescribed by name, ask the doctor’s permission to 
make the necessary substitution. 

Pharmaceutical manufacturers direct very little of their promo- 
tional efforts for ethical drugs to the general public, since consumers 
buy such drugs on prescription and do not make their own choices 
between them. The public is reached through the companies’ insti- 
tutional advertising and public relations programs. 
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Eight manufacturers reported to the Commission the following 
breakdown of their antibiotics selling and advertising expenses for 
1956: salesmen’s compensation, 44 percent; samples, 11 percent; ad- 
vertising in periodicals, 10 percent; advertising by direct mail, 8 per- 
cent; other selling expenses, 27 percent. The sum of these expenses 
comprised 20.6 percent of net sales of the 8 companies, the range being 
from 9.6 to 30.7 percent. The average for 23 pharmaceutical com- 
panies covered in another survey was also 20,6 percent, the range being 
from 5.0 to 42.0 percent. 

Selling representatives who call on doctors and druggists are known 
as detail men. They represent their firms on all pharmaceutical prod- 
ucts, including antibiotics. Detail men have proved especially effec- 
tive in introducing new products, although other means of promotion 
rival the effectiveness of detail men in retaining the loyalty of those 
physicians who already know the product. Ten leading antibiotics 
producers selling dosage forms reported to the Commission that they 
employed detail men; the number of detail men employed was about 
7,000. According to one estimate, it would cost a million dollars to 
have detail men pay one visit a year to every practicing physician. 
The cost of making such visits several times a year to most physicians 
is too great for smaller firms, which do not have full ethical drug lines, 
to undertake. 

Detailing played the leading role in the aggressive promotional cam- 
paigns that achieved rapid market acceptance for Achromycin and 
Terramycin, the trade names, respectively, of American Cyanamid for 
tetracycline and Chas. Pfizer & Co. for oxytetracycline. The first 
year’s promotion budget for Achromycin was approximately $2.5 mil- 
lion, of which 42 percent was allocated to detailing, 35 percent to di- 
rect mail to physicians, 19 percent to medical journal advertising, and 
4 percent to exhibits at medical meetings. During its 18-month Ter- 
ramycin campaign, which also employed direct mail, journal advertis- 
ing, and exhibits at hospitals, Pfizer increased its detailing force from 
8 to 800 men. 

The number of pages of antibiotics advertising placed in the Jour- 
nal of the American Medical Association annually by 15 manufac- 
turers ranged in the 1945-53 period from 32 pages (in 1949) to 157 
(in 1951). A sharp increase in the number of pages began in 1954, 
and a total of 534 was reached in 1957. Before 1950 generic names 
such as penicillin or streptomycin were generally mentioned, but after 
that date the various trademarked, patented specialties were selected 
for emphasis. In 1957 approximately 275 of the 534 pages were de- 
voted to tetracycline products as marketed under several trade names 
by five companies, and most of the remaining space was given to other 
broad spectrum antibiotics, erythromycin, and penicillin specialties 
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which offered a wider margin of profit than sodium, potassium and 
procaine penicillin. Copy which emphasized antibiotics ranged be- 
tween 9 and 28 percent of these companies’ total advertising in the 
Journal between 1946 and 1955—or a little more than 28 in 1955 if the 
space given to antibiotics in Pfizer’s “Spectrum” were counted as 
“antibiotics” instead of “institutional” advertising. The percentage 
then increased to 35 in 1956 and 39 in 1957. 

Free samples and direct mail are among the most important means 
of reaching physicians. When introducing its first broad spectrum 
antibiotic, Aureomycin, American Cyanamid shipped samples worth 
about $2 million to approximately 142,000 physicians. In the Achro- 
mycin campaign, a full list of the country’s physicians received an av- 
erage of two mailed items a week. Some of the items which go out 
by direct mail include expensively printed house magazines, “service 
material” such as anatomical drawings and printed prescription 
blanks, and, perhaps most frequently, brochures on the merits and use 
of particular products. Pharmaceutical houses also give wide circu- 
lation to reports of successful clinical studies made by their own scien- 
tists or by independent physicians at their request. 

The promotion of antibiotics is conducted by the same methods 
as the promotion of other ethical drugs, and frequently in the same 
literature or on the same detail man’s visits. Promotion generally 
emphasizes new drugs, for which the company is trying to build up 
a sufficient sales volume to warrant their production, and trademarked 
specialties, which the companies fear physicians might gradually 
cease prescribing unless reminded of their merits. 

The channels of distribution are also the same for antibiotics and 
other ethical drug products. General-line drug wholesalers, and 
specialty-line drug wholesalers handling pharmaceuticals (numbering 
392 and 461, respectively, in the 1954 Census of Business) supply 
more than half the average nonchain drugstore’s prescription chemi- 
cals. Most of the retail druggists (44,511 in 1954) handle a full line 
of antibiotics, including parenteral forms sold to physicians, oral 
forms sold on prescription to customers, and topical forms that do not 
require a prescription. All antibiotic prescriptions are of the “dis- 
pensed” type which has largely replaced the old “compounded” type 
in the work of the pharmacist. Besides filling the prescriptions, the 
pharmacist plays an important role in supplying information to 
physicians. 

An estimate in 1954 placed hospital purchases of antibiotics at about 
$67 million, comprising a substantial fraction of the antibiotics used. 
More than half of all hospitals have their own pharmacies. Small hos- 
pitals have no standardized system of charging patients for medica- 
tion, but many of them fix the charge at double their own purchase 
price, 
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6. Pricing in the antibiotics industry 


An account of the price history of the antibiotics industry must be 
preceded by a short survey of supply-and-demand factors. One of 
the most significant supply factors for each drug, in addition to the 
volume produced, is the number of companies competing in its manu- 
facture and sale, and this is in turn often controlled by the patent 
situation. A sharp contrast is evident between the products which 
appeared before 1948—especially sodium, potassium, and procaine 
penicillin, streptomycin and dihydrostreptomycin—and the more re- 
cently introduced broad spectrum antibiotics, erythromycin and spe- 
clalty penicillins. Patents for the former group were licensed to 
those interested. By 1949 the number of manufacturing companies 
had reached 13 for potassium and 14 for procaine penicillin, 8 for 
streptomycin, and 7 for for dihydrostreptomycin. Production of the 
recently patented products has been confined to one company or a 
very few at most. 

The demand for antibiotic drugs is controlled by the incidence of 
the illnesses they are used to treat and by prevailing therapeutic prac- 
tices. Whether an antibiotic will be used in a particular case is de: 
termined by the physician rather than the patient, and the choice is 
made on considerations of health rather than price. Even if the pa- 
tient influenced the choice, it would hardly be on a price basis; if 
he places health considerations first, he simply follows his doctor’s 
directions. A high price will do less to discourage demand than in 
many other industries. On the other hand, a physician is not likely 
to select a drug about which he knows little or whose maker he does 
not trust. Manufacturers, therefore, try to keep physicians familiar 
with their own names and the merits of their drugs. Where anti- 
biotics sold by two or more companies are identical or closely sub- 
stitutable, however, a lower price charged by one of them may in- 
fluence the demand of distributors, hospitals, or even physicians. 

Costs of research and clinical testing are ordinarily incurred before 
a new antibiotic is put on the market. A manufacturer’s new drugs 
frequently compete with its old ones. <A cost-saving factor in the 
production of a new drug is that the equipment used for the manu- 
facture of the previous product can frequently be shifted to the new 
one. 

The major manufacturers of bulk antibiotics prepare dosage forms; 
most of them also sell in bulk to independent firms which package 
dosage forms for resale under their own labels; and some make 
bulk sales to other manufacturers which to this extent themselves 
operate as packagers. In both types of bulk sale, the original manu- 
facturer may also be selling in the dosage form market where its 
bulk customers are selling. 


16 ECONOMIC REPORT ON ANTIBIOTICS MANUFACTURE 


Part of this bulk sale to other manufacturers is according to term 
purchase contracts providing for purchase either of specific amounts, 
of minimum and maximum quantities, or of the buyer’s purchase 
requirements or total requirements. These contracts have been made 
in at least the following products: penicillin, streptomycin and dihy- 
drostreptomycin, chloramphenicol, and tetracycline. The prices 
named on the contracts carry sharp discounts below the prices 
paid by other bulk customers of the seller. On one penicillin contract 
used as an example, the price was 44 percent below the regularly 
quoted 400-vial price to such customers and 29 percent below the 
100,000-vial price. 

The provisions of the various types of term purchase contracts are 
not set out at length in the report, but one type which differs from 
the rest is the “distributor agreement.” Under this, the supplier 
makes the other party its “nonexclusive selling agent,” under the lat- 
ter’s labels but at prices which the supplier reserves the right to name. 
The margin stipulated for the “selling agent,” in one streptomycin 
contract used as an example, began at 47.5 percent of the dosage form 
price in 1950 and, after 8 changes, had been raised to 63.9 percent 
(of a 40 percent lower dosage form price) at the end of 1954. 

Dosage forms are sold to wholesalers, retailers, hospitals, and Gov- 
ernment agencies. The wholesaler’s margin varies between 15 and 21 
percent of the price he charges the retailer. ‘The margin between the 
published price to the retailer or hospital and the list price suggested 
by the manufacturer for resale to consumers is ordinarily 40 percent 
of the consumer price. When a minimum resale price is named by the 
manufacturer, it 1s almost always 10 percent below the listed retail 
price. 

These published prices are modified in practice by a 2-percent cash 
discount and by quantity discounts offered by various manufacturers. 
In addition, shipment of “free goods”—1. e., of additional product up 
to as much as 50 percent of the original order—has at times been a 
competitive tactic in the penicillin and the streptomycin markets. 
Manufacturers normally allow their customers full credit for return 
of “expired” dosage forms which have lost their potency through pas- 
sage of time. Finally, some manufacturers guarantee customers’ floor 
stocks against price decline for a stated period after purchase. Pric- 
ing practices in antibiotics are similar to those employed in the dis- 
tribution of other ethical drugs. 

In 1945 amorphous sodium penicillin in bulk was quoted at $6,000 
and in 1947 at $2,100 per billion units. Crystalline sodium penicillin, 
which replaced amorphous in 1947, was first quoted at $2,500, but 
by 1956 was as low as $50, from which it increased to approximately 
$63 late in 1956. Potassium and procaine pencillin were quoted at 
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$1,800 per billion units in1948, and as low as $34.50 for potassium in 
1955 and $47.50 for procaine in 1956. By the end of 1956 potassium 
had increased to $57.50 and procaine to about the same figure. 

These sharp decreases resulted from improvements in production 
efficiency and reductions in cost, the benefits of which were passed on 
to purchasers through active price competition of numerous manu- 
facturers—as many as 14 in 1948 and 1949 and still 7 in 1956. The 
ereat expansion of capacity in the Korean war, and competition after 
1948 from newer antibiotics substitutable in many respects for peni- 
cillin and which could be taken orally, put further pressure on peni- 
cillin prices. The most severe competitive price reductions occurred 
in 1949 and 1952, especially the latter year. Some of the prices 
actually charged were probably mere approximations of the quoted 
prices during times of sharp competition, because of discounts and 
special contractual arrangements. 

The first price for penicillin dosage forms was $20 per 100,000 unit 
vial, paid by the Government in 1948. By August 1945, when flask- 
type production techniques had been replaced by deep-vat fermenta- 
tion, the price is reported to have been below $1 per vial. In 1947 and 
1948 the same dosage form was selling at 30 cents. Procaine peni- 
cillin, a much improved form, was introduced in 1948. <A 3 million- 
unit vial, containing 10 doses, was offered to retailers by one of the 
companies in February 1948 at a price of $10. In October the price 
was reduced to $8 and in March 1949 to $6. Further decreases fol- 
lowed, the most severe price reductions being, as in bulk penicillin, 
in 1952. By 1956 the prices for a 8 million-unit vial of procaine 
penicillin in 8 commonly used forms were in the 56 to 66 cent range. 
From the 1943 price of the earliest type of penicillin to this 1956 
price of procaine penicillin, there had been a 99.9-percent decline. 

While major manufacturers were quoting procaine penicillin in 
aqueous suspension at 56 cents for 3 million units, 2 smaller packagers 
were quoting 45 and 50 cents while 4 were quoting from 68 cents to 
$1.34. A similar variation appears among prices of penicillin tablets. 
These, it should be noted, are usually sold to individuals whereas in- 
jection forms are sold only to doctors or hospitals. Tablets are both 
much less commonly used and much more expensive. The above-men- 
tioned 56-cent price can be translated into 19 cents per gram, by using 
the 1,009-unit-per-milligram conversion factor employed by the Food 
and Drug Administration to translate chemically pure procaine peni- 
cillin into the metric system of weights. One hundred tablets of 
100,000 units each were quoted by Lederle Laboratories in 1956 at a 
price equivalent to 63 cents per gram, as against 16 to 48 cents quoted 
by 4 smaller packagers. The same quantity of buffered potassium 
penicillin tablets (i. e., tablets to which a substance has been added to 
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prevent any great change in acidity or alkalinity in the patients di- 
gestive tract), converted at 1,595 units per milligram, was quoted at 
prices equivalent to 77 cents per gram by 5 major manufacturers and 
27 to 45 cents by 4 packagers. 

Price comparisions between different dosage forms of an antibi- 
otic, or between penicillin and the other antibiotics, have been made 
on a per-gram basis. Although tablets and capsules of either peni- 
cilling or other antibiotics often carry more grams of potency than 
their labels declare, this raises all the per-gram price equivalents and 
does not significantly distort the comparisons. Two other limita- 
tions on per-gram comparisons should be noted: the costs of com- 
pounding, finishing and packaging large and small dosage forms 
differ; and physicians may prescribe tablets containing different num- 
bers of milligrams for the same treatment depending on which anti- 
biotic they have selected. 

All published prices to retailers for potassium and procaine peni- 
cillin in tablet form were equivalent in 1956 to 91 cents per gram or 
less; all corresponding prices for the more recently patented antibi- 
otics discussed in this chapter were $1.12 per gram or more. The 
largest package size of broad spectrum antibiotics contained 100 cap- 
sules of 250 milligrams each, quoted at $30.60 or the equivalent of 
$1.22 per gram. The smallest contained 25 capsules of 50 milligrams 
each, quoted at $1.89, or the equivalent of $1.51 per gram. Sellers of 
erythromycin have adopted the same prices for most dosage forms 
that already prevailed for the broad spectrum antibiotics. Benzathine 
penicillin and phenoxymethyl penicillin prices were in the same range. 
The two prices listed for benzathine were $6.67 for 36 tablets of 200,000 
units, the equivalent of $1.12 per gram at the Food and Drug Admin- 
istration conversion ratio of 1,211 units per milligram, and $10 for 100 
tablets of 100,000 units, the equivalent of $1.21 per gram. One of the 
two sellers of phenoxymethyl penicillin (known also as penicillin V) 
listed its two 6.25-gram dosage forms at $7.50 and $9, equivalent to 
$1.20 and $1.44 per gram, and the other priced its 3.6 and 4.5-gram 
dosage forms at $4.32 and $6.48, respectively—equivalent to the same 
$1.20 and $1.44 per-gram prices. 

The quoted prices of the broad spectrum antibiotics and erythro- 
mycin have not changed for several years; those of benzathine peni- 
cillin and phenoxymethyl penicillin have not changed since their in- 
troduction. None of these new products has been handled by outside 
packagers. 

Bulk prices of streptomycin and dihydrostreptomycin have been 
identical with each other, and their trend has been similar to that of 
bulk penicillin prices. From 1946 to 1956, they dropped from $16 per 
gram to 7 cents per gram. Later in 1956, they increased to about 7.6 
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cents per gram. Term purchase contract prices were often lower than 
published bulk prices, touching 4.1 cents per gram early in 1956. Dos- 
age form prices to private hospitals and retailers decreased in the 
same way: thus Merck & Co. was quoting $20 per gram in October 
1945, $4 in April 1947, $1.60 in July 1948, and 36 cents from 1953 to 
1956. In the intense price competition which has prevailed in the 
marketing of streptomycins, published prices have frequently been 
nominal, with transactions taking place at lower figures. 

There are price differences among the major manufacturers and 
outside packagers of streptomycins. Quotations for 1 gram of powder 
in 1956 were 33 cents for 3 manufacturers; 36 cents for 2 others; and 
29, 34, and 45 cents, respectively, for 3 packagers. 

Price competition in the older penicillin and streptomycin dosage 
forms is also disclosed by the records of large quantity purchases by 
the Armed Services Medical Procurement Agency (now Military 
Medical Supply Agency). Thus between 1949 and 1956 the price per 
bottle of procaine penicillin (1,500,000 units in aqueous suspension) 
went down from $1.09 to 10.5 cents, as each manufacturer reduced the 
price in turn. Dihydrostreptomycin sulfate prices took a similar 
though less precipitous downward course, and in early 1956 were 14 
percent of the 1949 price. Later in 1956 they recovered to 20 percent 
of the 1949 price. Prices paid by the Government for these drugs 
have been well below those paid by civilians. 

The first broad spectrum antibiotic, American Cyanamid’s Aureo- 
mycin (the generic name being chlortetracycline), was introduced at 
a price to retailers and hospitals of $15 for 16 capsules of 250 milli- 
grams each on December 1, 1948. T’wo months later the price was 
reduced to $10. On March 25, 1949, Parke, Davis put Chloromycetin 
(chloramphenicol) on the market at the same price per capsule. On 
February 1, 1950, both companies reduced their prices to $8. Two 
months later, Chas. Pfizer & Co. introduced its Terramycin (oxytetra- 
cycline) at $8.40. On May 1, 1950, Aureomycin and Chloromycetin 
were reduced to $6, a price which Pfizer did not meet until November 
1 of the same year. The next reduction, to $5.10, was initiated by 
Pfizer on September 27, 1951, and was met by both the others on 
October 1. This price remained unchanged thereafter. 

The price of Aureomycin had thus decreased 66 percent from 1948 
to 1951, a period during which procaine, penicillin and streptomycin 
prices decreased by about the same amount, or 69 percent. These 
latter prices kept on declining after 1951, whereas broad spectrum 
prices did not. This contrast was related, on the supply side of the 
market, to the difference in number of producers. There were 13 mak- 
ers of procaine penicillin and 7 of the streptomycins in 1951 as against 
only 3 makers of the broad spectrum antibiotics. 
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A fourth broad spectrum antibiotic, tetracycline, was added in 1958, 
at the same price as the others. Only one new producer was thus 
brought into the broad spectrum business, which in 1956 had 4 manu- 
facturers (3 of them having exclusive products) plus 2 licensed sellers, 
as against 7 manufacturers making and 9 selling (2 of them out of 
stocks on hand) procaine penicillin and 5 making and selling the 
streptomycins. Price alternatives for some customers, and the pos- 
sibility of additional price competition under certain conditions, are 
afforded by the non-manufacturing packagers of procaine penicillin 
and the streptomycins. 

In 1951 Aureomycin accounted for 41.5 percent, Chloromycetin for 
36.5 percent, and Terramycin for 22.0 percent of the dollar sales of 
broad spectrum antibiotics for medicinal purposes. In 1956 they 
accounted for 12.1, 15.7, and 20.6 percent of medicinal sales, respec- 
tively, while the new product, tetracycline, accounted for 51.6 per- 
cent. 

By contrast with the stability of broad spectrum prices quoted to 
distributors, hospitals, and consumers after 1951, prices charged the 
Armed Services Medical Procurement Agency continued to decline. 
Between 1950 and 1956, for example, prices it paid for Terramycin 
dropped 62 percent as compared with the 39 percent decline (all of 
it prior to October 1951) in Terramycin prices quoted to retailers. 

Records of the Veterans’ Administration show it to have been pur- 
chasing tetracycline in 1954 at $24.22 (less 2 percent for cash) per 
bottle containing one hundred 250-milliigram capsules—the same price 
paid by drug wholesalers then and later. In October 1954 Cyanamid 
offered to cut the price 10 percent, to $21.80 (less 2 percent), but 
Pfizer took the contract with a further 10.2-percent reduction, to 
$19.58 (less 2 percent). When purchasing on sealed bids was insti- 
tuted in 1955, $19.58 less 2 percent, or precisely $19.1884, was bid sev- 
eral times by all manufacturers, except that Pfizer became low bidder 
on the two largest contracts by naming a net cash price of $19.188. 

On one Veterans’ Administration contract for 50,400 bottles (of 
capsules) in October 1956, to be delivered to 3 destinations, Pfizer re- 
duced its bid another 10 percent, or to $17.68. Cyanamid was still 
bidding $19.58, though 2 weeks earlier it had sold 90,000 bottles (of 
tablets), to be delivered to the Armed Services Medical Procurement 
Agency at one destination, at an $11 price. 


7. Analysis of financial data submitted by antibiotics manufac- 
turers 


In 1956 net sales of antibiotics from domestic production of Chas. 
Pfizer & Co. were equal to 39.4 percent of its consolidated net sales 
(which includes some production in plants abroad). The percentages 
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for the other 11 manufacturers ranged from 20.4 down to 4.6 percent. 
Thus antibiotics constitute merely a segment of the pharmaceutical 
industry. 

American Cyanamid led the industry in dollar sales of antibiotics 
in both 1950 and 1956, its percentage of the total increasing from 23.1 
to 26.6 percent. Pfizer was in second place, with 12.6 and 20.8 percent. 
Lilly advanced from sixth (7.7 percent) to third (9.5 percent). Olin 
Mathieson was fourth in both years (9.0 and 9.2 percent), while Parke, 
Davis dropped from third (10.4 percent) to fifth (7.8 percent). 

The top 4 had 55.1 percent of sales in 1950 and 66.1 percent in 1956. 
This 11-point gain was slightly less than the combined gain, 11.7 
points, of Cyanamid and Pfizer. Their great expansion resulted al- 
most entirely from successful ventures in the broad spectrum field. 
Four of the 16 companies producing antibiotics in 1950 had dropped 
out before 1956. 

These 16 companies responded at least in part to the Commission’s 
cost questionnaire sent out in May 1957, though all companies stated 
that full cost data were not kept for individual antibiotic products 
or for the companies’ antibiotics business as a whole. When the 
same plant was used for more than one product, manufacturing costs 
as submitted were based in part on allocations. Certain expenses of 
selling and administration were also allocated, usually on the basis 
of relative sales. The Commission has not had the accounting man- 
power available to verify these figures or allocations, but presents 
ratios based upon them at their face value. The fact that allocations 
are necessary makes it impossible to draw firm conclusions when the 
differences in ratios are small. 

There have been considerable variations in the calculated ratios of 
profit before Federal taxes to net sales on antibiotics operations. The 
most profitable company in the 1950-56 period had the most stable 
ratio, ranging from a high of 53.7 to a low of 37.9 percent. For all 
other companies the spread between the high and low years was 
much wider. Seven reported net losses on antibiotics operations in 
one or more years. 

In 1956, this ratio of net profit before taxes to sales ranged between 
1.8 and 40.5 percent for the 9 companies submitting comparable data. 
Other ratios showed similar variations: cost of goods sold between 
21.4 and 77.6 percent; advertising and selling expenses between 9.6 
and 380.7 percent; research costs between 3.5 and 10.5 percent; and 
administrative and general expenses between 2.1 and 14.2 percent. 

If 1956 figures for all reporting companies are averaged, 39.0 cents 
of each dollar of net sales of antibiotic substances represented cost 
of goods sold, as against 44.4 cents in 1950. Selling and advertising 
expenses came to 21.6 cents (12.9 in 1950), research to 6.7 cents (4.4 
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in 1950), and administrative and general to 8.7 cents (7.6 in 
1950). After account is taken of 3.2 cents of income from royalties 
and licenses and 1.2 cents in other costs, 26.0 cents remained in 1956 
for net profit before Federal taxes. Reported net profit had been 
as low as 19.8 cents per dollar of sales in 1952 and as high as 34.5 
cents in 1951. 

For 1950, the company responses showed penicillin, the broad 
spectrum antibiotics, the streptomycins, and “all others” (consisting 
almost entirely of combinations, and bacitracin) accounting for 44.4, 
35.4, 13.4, and 6.8 percent, respectively, of total dollar sales of anti- 
biotics exclusive of one specialty penicillin. In 1951 the broad spec- 
trum group took over first place, and in 1955 it accounted for 56.1 
percent of the total. In 1956 it accounted for 50.9 percent, and all 
penicillin, the streptomycins and “all others” (more than half of which 
now consisted of combinations and erythromycin) for 19.0, 3.9, and 
26.2 percent, respectively. 

The 1956 ratios of net operating profit to net sales were as follows: 
recently patented and higher priced penicillins, 43.4 percent; broad 
spectrum group, 36.8 percent; “all others,” 17.2 percent; older peni- 
cillins, a deficit of 5.6 percent; streptomycins, a deficit of 41.4 percent. 
In 1950 and 1951, just prior to the severe competitive price cutting of 
1952, penicillin and the streptomycins had shown net operating profits 
equal to about 20 percent of net sales. 

The streptomycin figures (which are missing for 1 of the 3 largest 
producers since it did not furnish a usable breakdown) indicate suc- 
cessive deficits of 4.7, 20.9, 87.4, and 41.4 cents per dollar of sales from 
1953 through 1956, while physical output was rising to a new peak. 
If such losses occurred, it is easy to see why one firm ceased production 
in 1955 and another in 1956. Other companies have stated that they 
stayed in business for such reasons as reluctance to drop a needed prod- 
uct from their line, or hope of increased world demand. 

Regardless of the exactness of particular allocations, it is clear that 
the recently patented penicillins, the broad spectrum antibiotics, and 
some at least of the antibiotic combinations and specialties in the “all 
others” group have yielded higher profits than the older, nonexclu- 
sive penicillins and streptomycins. 

Six companies submitted usable data from which net profit before 
Federal taxes on antibiotics could be computed as a percentage of 
assets devoted to antibictics operations. Such profit ratios ranged in 
1956 from 2.0 to 57.6 percent, and in 1950-55 from deficits for 3 com- 
panies in at least one year to a profit of 101.2 percent for one com- 
pany in 1950. The weighted average returns for the seven successive 
years were 42.2, 37.1, 18.2, 19.4, 20.6, 23.3, and 28.5 percent. 

Ratios of profits to assets on antibiotic operations for 5 of these 
companies were compared for 1950-56 with (1) ratios of total phar- 
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maceutical profits to pharmaceutical assets of the 5 companies; (2) 
profit ratios of 10 pharmaceutical companies not making antibiotics; 
and (8) profit ratios on the consolidated operations of the 10 antibi- 
otics manufacturers which publish financial statements. The first 
comparison showed higher average antibiotics profits for 1950-55, but 
higher pharmaceutical profits for 1956. The second showed a lower 
average profit ratio for the 10 nonantibiotics companies than for the 
antibiotics companies in 1950 and 1951, but a higher ratio from 1952 
to 1956. The third brought out that the nonpharmaceutical profit ra- 
tios of the antibiotics companies were significantly lower throughout 
than their profit ratios either on antibiotics or on all pharmaceutical 
operations. 

Profit comparisons on the basis of sales were made for six antibiotics 
companies which furnished data on both their antibiotics and pharma- 
ceutical operations. (1) Two companies showed higher antibiotics 
than pharmaceutical profit ratios each year, 2 others in 3 of the 7 years, 
and the 2 remaining companies in none of the years. (2) The 10 
nonantibiotics companies showed higher profit ratios in 5 of the 7 years 
and approximately the same ratios in the other 2 years. (38) Non- » 
pharmaceutical operations of the antibiotics companies were, as in the 
asset comparison also, less profitable than pharmaceutical operations. 

This ratio of profits before Federal taxes to assets employed in anti- 
biotic operations, for the six companies submitting usable data, was 
higher each year from 1950 through 1956, than the same ratio for 
chemical manufacturing, and still higher than for all manufactur- 
ing. The antibiotics ratio was slightly higher than that for “Drugs 
and Medicines,” in the only year 1956, for which the latter series was 
available. 

The Commission recognizes that relative profit ratios depend on 
basic factors such as trends in demand costs, efficiency, and tech- 
nology, as well as on risks and the degree of competition. It has 
not made an assessment of antibiotics profits in the hght of these 
factors. } 


8. Patent ownership and licensing in the antibiotics industry 


The penicillin discoveries of Drs. Fleming, Chain, and Florey were 
not patented. Patents on the basic process improvements developed 
by scientists of the United States Department of Agriculture were 
licensed freely in accordance with United States Government policy. 
From these discoveries and the likewise unpatented improvements in 
the penicillin mold in 1943, a new branch of the pharmaceutical in- 
dustry came into being. 

Patent Office classification files, supplemented by data submitted 
by 11 manufacturers in response to the first FTC data request, disclose 
that 671 antibiotics patents had been issued through September 1956. 
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Of these, 576 were assigned to domestic corporations. The remaining 
95 went to foreign corporations, individuals, the United States Gov- 
ernment, and miscellaneous patentees such as research foundations. 
The antibiotics companies have often emphasized the importance of 
obtaining product patents on new drug discoveries. 

The first significant product of company-financed research was 
streptomycin, discovered in 1948, marketed in 1946, and patented in 
1948. The next important products of research were dihydrostrepto- 
mycin and procaine penicillin. Both of these were discovered in the 
mid-1940’s, marketed in 1948, and patented in 1950. 

Streptomycin, first announced in January 1944, was the discovery 
of Dr. Selman A. Waksman and his assistants at Rutgers University, 
working on a grant from Merck & Co. Merck, upon request, gave 
up its contractual “sole right to develop commercially” any results of 
this research. The Rutgers Research and Endowment Foundation 
became the patent assignee and licensed eight producers—all of which 
had undertaken construction of streptomycin plants in 1945. 

Research on streptomycin revealed that a further hydrogenation 
process would produce dihydrostreptomycin, which was considered 
superior to streptomycin for certain purposes and valuable in com- 
bination with it for certain others, and which quickly took over the 
bulk of the sales. Three companies having claimed priority, a Patent 
Office interference proceeding was declared. This was dissolved when 
Parke, Davis and E. R. Squibb conceded priority to Merck. Merck 
licensed the companies producing streptomycin to make this easily 
derived but essential improvement, dihydrostreptomycin. 

Severe price competition grew out of this ease of entry into produc- 
tion of “the streptomycins,” and by 1950 streptomycin itself was 
being spoken of as “distress merchandise.” On the one hand, pur- 
chasers benefited; on the other, the number of producers dropped to 
five by 1956. 

Beginning in 1944 and 1945, several experimenters discovered that 
mixing penicillin with procaine (hitherto used as an anesthetic) yield- 
ed an antibiotic substance which would stay in the blood stream much 
longer than any then available form of penicillin. After a Patent 
Office interference involving five companies, Eli Lilly received the 
basic product patent on the procaine penicillin salt in July 1950. 
Fourteen companies, including Lilly, had been manufacturing this 
substance since 1948. ‘Ten of these, and one not manufacturing in 1948, 
negotiated licenses with Lilly, 8 on a royalty basis and 8 royalty free 
because of what Lilly deemed reciprocal advantages. Lilly filed 
infringement suits against three other companies which refused to pay 
royalties, and secured settlements in 1953, 1954, and 1956, respectively. 
These 3 are among the 5 companies which have dropped out of the 
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procaine penicillin business. By 1956, partly as a consequence of 
sharp price competition, the number of manufacturers of procaine 
penicillin had decreased to 7, although 2 others continued to sell out 
of stocks on hand. Between October 1950 and September 1956, 16 
more patents on methods of preparation and compositions of procaine 
penicillin were issued to 8 applicants. 

Later developments, including public statements by company of- 
ficers, made it plain that the antibiotics research programs instituted 
by the companies during and shortly after World War II did not 
have as their aim the discovery of drugs for which the patents would 
be licensed as widely as were, in fact, the three just reviewed. Each 
company was seeking exclusive products which would support profit- 
able prices and thus yield wider profit margins than those which 
price cutting was to produce on these three. 

Some of the most important patents that subsequently issued as 
a result of these research programs, the companies whose scientists 
received each patent, and the dates of issuance (which were usually 
later than the date of first commercial production), were: 


@hlometracyclines. 7222 0i7ie elk ae oe American}Cyanamid___.___.-_-- 1949 
Me Morampnenicol.<. 02.2 2. ae KG, MO AVigr ee os 1949 
Wreybeuracy Cline» + 2-2 So ns OAS) (Sarees kya Cth ee Ae eee 1950 
Phevory methyl penicillin (penicillin V)- Lilly 2.222 522.222 lke le 1951 
Benzathine penicillin. __...-...-----_- American Home Products-_-_--_--- 1953 
Pay nromvein 224 6. ule Se te i Gil | igd Lad due permed TAME RAT | Regen peed Orem 1953 
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Lilly is also American licensee under an improvement patent on 
phenoxymethy]l pencillin held by an Austrian firm. 

The prices on these products have been considerably higher, when 
translated into per-gram equivalents, than those prevailing at the 
same time on the streptomycins and older forms of penicillin. The 
patentees either licensed no one or licensed not more than three other 
manufacturers, and the kind of price cutting that marked the earlier 
products has not, under these circumstances, developed. 

The licenses actually granted on these newer patented products were 
in most instances the result of settling either Patent Office interference 
proceedings or infringement suits, or of prior agreements among com- 
panies doing research in the same field. The patentee of each of the 
first three broad spectrum antibiotics has retained the exclusive right 
to manufacture it for sale. Phenoxymethy] penicillin is licensed by 
Lilly to Wyeth Laboratories (American Home Products Corporation). 
American Home Products has licensed Bristol, Lilly, and Pfizer, which 
had been its opponents in interference proceedings, under the benza- 
thine peniciilin patent. Erythromycin was licensed to Abbott Lab- 
oratories and The Upjohn Co., possibly as a result of a cross-licensing 
agreement dating from the penicillin research program of World War 
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IT and extended by the parties in 1948 to all patent applications filed 
before July 18, 1957, provided they related to antibiotic cultures 
known by July 18,1952. Finally, tetracycline was licensed to Ameri- 
can Cyanamid and Bristol to make, use, and sell, and to Olin Mathie- 
son and Upjohn to package and sell, through agreements settling in- 
terference proceedings and infringement litigation. 

Eleven major manufacturers were involved in 70 interference pro- 
ceedings arising out of applications leading to issuance of patents 
through September 1956. One reason for such interferences is the 
nature of research in this industry (and, it is known, in many others), 
whereby several companies may pursue the same lines of inquiry 
simultaneously. Fifty interferences were settled by agreement—35 
in penicillin, 6 in the streptomycins, 1 in tetracycline, and 8 in other 
products. The companies either agreed not to contest the decision of 
the Patent Office as to priority and invention, or settled the issue of 
priority among themselves and withdrew all the patent applications 
but one—with the prospective patentee pledged to license the other ap- 
plicants at a stipulated royalty. 

Two examples of patent litigation in the industry are reviewed in 
highly condensed fashion in the report. One, involving the applica- 
tion in 1945 by the late Dr. Simon L. Ruskin for a basic product pat- 
ent on the salt of procaine pencillin, illustrates the difficulties faced 
by an independent inventor in this field.? In 1949 the Patent Office 
declared an interference among Bristol, Lilly, Merck, Pfizer, and Dr. 
Ruskin. By 1950 Bristol, Merck, and Pfizer had conceded priority to 
Lilly, which received the basic product patent. Dr. Ruskin prose- 
cuted his own application before the Patent Office against opposition 
by Lilly. In 1954 he received a patent on “procaine penicillin prepa- 
ration,” containing the claim “procaine salt of penicillin.” On the 
same day, he filed infringement and damage suits against Lilly, and 
Lilly sued to have his patent declared invalid. In 1957, 12 years after 
Dr. Ruskin had first applied for his patent, he sold it to Union Car- 
bide Corp., which at once settled the lawsuits with Lilly. 

The tetracycline litigation grew out of the claimed discovery of 
this antibiotic at about the same time by scientists working in the 
laboratories of four companies. Two interferences were declared at 
the Patent Office. The first, between American Cyanamid and Pfizer, 
was terminated in February 1954 when Cyanamid conceded priority 
in conjunction with a cross-licensing agreement. The second in- 
volved Cyanamid, Bristol, and Pfizer—Cyanamid as a result of its 
purchase of the antibiotics division of Heyden Chemical Corp., which 
had pending a patent application on a chemical salt of tetracycline. 


3 The Commission expresses no opinion in this study of the merits of this or any patent 
claims. 
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In October 1954 this “salt” interference was dissolved by the patent 
examiner on the ground that the Heyden application had disclosed 
that tetracycline had been in fact produced before the alleged dates 
of invention as a byproduct of the manufacture of Cyanamid’s chlor- 
tetracycline. On December 6, 1954, and February 25, 1955, Cyanamid 
and Bristol formally abandoned their claims. Pfizer had pushed its 
application, and received the patent on January 11, 1955. 

Bristol had been manufacturing tetracycline since April 1954, and 
selling in bulk to Squibb (Olin Mathieson) and Upjohn for resale 
under their own labels. Immediately on receiving the product pat- 
ent, Pfizer sued the three companies for infringement. They filed 
declaratory judgment actions in another jurisdiction claiming that 
the tetracycline patent was invalid both for the reason originally 
given by the examiner and because it had been allegedly obtained 
through misrepresentation. 

In March 1956 the lawsuits were settled out of court. Bristol rec- 
ognized Pfizer’s patent, agreed to pay royalties, and licensed Pfizer, at 
its option, to use and pay royalties on a process patent which Bristol 
had received for direct fermentation of tetracycline. When Cyana- 
mid had recognized the priority of Pfizer’s claim in January 1954, it 
had agreed to pay royalties on all tetracycline it manufactured if 
Pfizer should obtain a patent, while Pfizer had agreed to pay royalties 
to Cyanamid on the chlortetracycline it necessarily manufactured 
and used (not sold) in the making of tetracycline. A third link in the 
final settlement had been forged in January 1955 when an infringe- 
ment suit by Cyanamid against Bristol for manufacturing chlortetra- 
cycline in the process of making tetracycline had been withdrawn 
upon Bristol’s agreement to pay Cyanamid (as it was later to agree to 
pay Pfizer) a royalty on all its sales of tetracycline. Finally, Pfizer’s 
suits against Olin Mathieson and Upjohn and the actions of these 
companies against Pfizer were settled by Pfizer’s granting them licenses 
to continue repackaging and selling tetracycline purchased in bulk 
from Bristol. 

The conclusion of the whole proceedings was that the manufacture 
of tetracycline was restricted to the 8 companies which had made pat- 
ent applications on the product, and its sale to these and 2 others. In 
1956 American Cyanamid accounted for 55 percent of the volume of 
output. 


9. Trademarks and fair trade in the antibiotics industry 


Trademarks and trade names are used extensively to designate the 
antibiotic products marketed by particular companies, and thus to 
establish lasting preferences in the minds of physicians and purchas- 
ers. Tetracycline, for example, is quoted and sold in the ethical drug 
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markets as Achromycin, Tetracyn, Polycycline, Steclin, and Panmycin 
(by American Cyanamid, Pfizer, Bristol, Olin Mathieson, and Up- 
john, respectively). Asporr, Brisrot, and Upson are examples of 
trade names, designating products of these companies. 

Large manufacturers generally sell their penicillin dosage forms at 
higher prices than do the smaller packagers, although frequent ex- 
ceptions were noted in chapter VI. Evidently the trademarks and 
trade names of the former usually have a greater attraction for phy- 
sicians, pharmacists and hospitals than do those of the latter. 

In 1954 at least 550 trademarks and trade names were used by vari- 
ous sellers to designate over 100 different antibiotic preparations, and 
by 1956 there were 60 additional names for combinations alone. The 
multiplicity of names has created confusion for doctors, and it led to 
criticism by the Journal of the American Medical Association as early 
as 1946. Even a nonspecialty product like procaine penicillin in aque- 
ous suspension, which was marketed in 1956 by at least 22 companies 
was sold by 9 of these (7 being major manufacturers) under trade- 
marks consisting of prefixes, some of them abbreviating the firm’s own 
name, followed by “cillin.” At least 13 other companies (only 2 being 
major manufacturers) sold this item under its generic name. 

Whatever the difficulty caused for users by the multiplicity of such 
names, both trademarks and trade names can serve useful functions. 
Trade names of manufacturers are required to be placed on all anti- 
biotics sold in commerce. Trademarks may afford manageable short 
names for combinations of certain antibiotics and other drugs, espe- 
cially when the latter have almost unpronounceable generic names. 
Trademarks are especially important in doing business in those coun- 
tries which deny patent protection on medicines. 

Several of the antibiotics manufacturers have established minimum 
resale or “fair trade” prices for many of their trademarked products, 
under the provisions of State fair trade laws and Federal implement- 
ing legislation. The percentage markup on cost which these prices, 
so far as they are effective, protect for the retailer is generally 50 per- 
cent. This means that the retailer’s margin—if he purchases at the 
manufacturer’s quoted price to retailers and selis at the fair trade 
price—is a third of the price paid by the consumer. 


10. Antibiotics and the public 


In the 1940’s antibiotics quickly won an important place in the 
ethical drug market of the United States. In 1950 manufacturers’ 
sales minus exports, for all grades including animal feed supplements, 
was a little less than 1 gram (0.0020 pound) per capita, of which 96 
percent consisted of the medicinal grades. Sales minus exports in 
1956 were nearly 4 grams (0.0085 pound) per capita, 72 percent being 
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medicinal grade. These figures are ai approximation of total domes- 
tic consumption, disregarding inventory changes, but consumption 
would in fact be a little lower after correction for spoilage through 
loss of potency. 

It has been estimated that consumer spending for all grades of anti- 
biotics amounted to $575 million in 1953—a year in which the major 
manufacturers’ sales from their own production came to $244 million. 
The difference (so far as it is not due to errors of estimate) is in the 
cost of the services of finishing and packaging by others than original 
manufacturers, and in the overall cost of distribution. 

The most widely used antibiotic is procaine penicillin. The retail 
list prices advertised to the trade for vials containing 10 injections of 
300,000 units each, at the end of 1956, ranged from 94 cents to $1.73. 
It is impossible to deduce from retail prices of 9.4 to 17 cents per in- 
jection the actual cost to the patient, since it is the charge of the 
hospital or the physician rather than the price of the drug which de- 
termines the amount he pays. This qualification does not apply in the 
case of prescriptions taken orally, since here the patient pays the cost 
of the drug directly. For example, the published retail list price for 
sixteen 250-milligram capsules of the broad spectrum antibiotics is 
$8.50, or 53 cents per capsule, and the fair trade price is $7.65, or 48 
cents per capsule. Any physician’s fee is additional. 

Antibiotics represented an estimated 1.5 percent of all prescrip- 
tions written in 1948, and 12.7 percent in 1955. In 1952 and in every 
year since, more prescriptions have specified antibiotics than any of 
the other seven categories of ethical drugs. More than 50 new “anti- 
biotics—sulfa and combinations” prescription specialties have been 
introduced annually. 

Antibiotics have made their contribution to public health both in 
treating infections and contagious diseases of bacterial origin and in 
preventing complications that may follow illnesses (such as colds, 
influenza, measles, and other viral infections) which themselves are 
unresponsive to antibiotics therapy. Each antibiotic which is of 
value shows capacity to inhibit the growth of or kill particular disease- 
causing micro-organisms, and the overlapping of these capacities 
makes antibiotics substitutable for each other in many instances. 
But there are certain infections for which a given antibiotic is con- 
sidered the “drug of choice.” 

The importance of antibiotics among the factors at work in reducing 
disease and death rates is illustrated by the declining number of 
reported cases in the United States of the group of illnesses whose 
bacteria can be controlled by their use. There were approximately 1.2 
million such cases in both 1946 and 1947, 1.0 million in 1948, and be- 
ginning in 1951, less than 800,000 in each year, Antibiotics have un- 
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questionably contributed to sharp reductions in the death rates from 
such important causes of death as tuberculosis and venereal diseases. 

Antibiotics have proved particularly effective in saving the lives 
of children and young persons. The sheer economic value of these 
lives, measured by future productiveness, may be considered substan- 
tial. 

A decline of several days in the average time spent by patients in 
hospitals is due in part to the use of antibiotics, although also to other 
factors such as changed medical practice. 

The discussion in this report has been confined to the effects of 
antibiotic drugs on health in the United States. It does not cover 
the effects of this American industry on health in foreign countries. 


General Summary 


This report traces the development of an industry which did not 
exist in 1941 but whose net sales reached $344 million 10 years later, 
whose output then doubled from 1951 to 1956, although lower prices 
for some products and in new markets kept dollar sales below the 1951 
peak. Its history has been one of expansion at home and abroad to 
meet rapidly increasing demand, and of heavy reliance on laboratory 
research for new products and product improvements. Yet the manu- 
facture of antibiotics is not, in fact, a separate industry. It is part of 
the ethical drug segment of the pharmaceutical industry. Sales of an- 
tibiotics from domestic production were about 40 percent of the con- 
solidated 1956 sales of one manufacturer, but 20 percent or less for 
the 11 others. 

Penicillin was discovered in England, in 1928, and its capacity to 
attack disease-causing micro-organisms was proved in 1939-41. The 
industry was established during World War II, when the United 
States Government undertook to obtain penicillin for the Armed 
Forces. Commercial and nonprofit research were marshalled, the 
problems of large-scale production were solved, 20 pharmaceutical com- 
panies undertook manufacture, and plant construction was speeded 
through public and private investment. In 1945 this unique experi- 
ment in Government promotion of a new medicine gave way to fur- 
ther development by private enterprise. 

Sodium and potassium penicillin, the chief types produced in the 
first years, were not patented. By early 1948 three important new 
antibiotic substances had emerged from company laboratories or from 
research paid for by industry and quickly became volume leaders. 
Rutgers University held the patent on streptomycin and gave licenses 
to eight companies that made application. Merck & Co., which had 
subsidized the Rutgers research, later received a patent on the closely 
related dihydrostreptomycin (whose sales grew as those of strepto- 


INTRODUCTION AND SUMMARY 31 


mycin declined), and it licensed the same companies. Eli Lilly & Co., 
which obtained the patent on procaine penicillin in 1950, then or later 
licensed 14 companies, 13 of which had begun its manufacture in 1948. 

Notable increases in output and reductions in cost resulted from 
improvement of antibiotic culture strains, facilities, and processes, 
and from expansion and modernization of existing capacity as part 
of the Korean war program. Between 1948 and 1956 the output of 
penicillin increased by 6 times and that of the streptomycins by almost 
8 times, and the production of antibiotics introduced after the late 1948 
reached 45 percent of the 1956 total. The additional output, the ad- 
vent of new antibiotics which could be taken orally, and above all the 
spectacular cost reductions, set the stage for price reductions. Through 
competition of the numerous makers of penicillin and the streptomy- 
cins, bulk prices of these products were forced down by more than 99 
percent from their introductory levels. Only 7 companies were still 
making procaine penicillin in 1956, and 5 were still making the 
streptomycins. 

The individual producers concentrated their post-World War II 
research efforts on the discovery of patentable antibiotics, which 
could be marketed as exclusive products possibly insulated against 
aggressive price competition. At most, they were willing to grant 
licenses to those competitors whose parallel research had made them 
rival applicants for patents covering the same product, or in some 
instances to partners in research pooling and patent exchange agree- 
ments. During the period 1949-56, 29 new antibiotic products were 
developed, of which 21 were still being produced in 1956. 

Three “broad spectrum” antibiotics, which attacked a wide range 
if micro-organisms, appeared in 1948, 1949, and 1950. They com- 
peted in use, and at first (to some degree) in price, with antibiotic 
substances already on the market. Thus the price of the new Aureo- 
mycin decreased by 66 percent from December 1948 to October 1, 1951, 
while prices of the older penicillins and streptomycins were decreas- 
ing by 69 percent. Since 1951, published quotations of the broad 
spectrum products have remained unchanged, and all important anti- 
biotics more recently introduced have been offered at about the same 
price level, while prices of the earlier products continued down. 

By 1956 published prices of major manufacturers for one popular 
injection form of procaine penicillin were the equivalent of 19 cents 
per gram (a 94-percent reduction from the introductory price in 1948). 
A dosage form of potassium penicillin tablets (less often used than 
the injection form, but more comparable to broad spectrum tablets 
in their finishing and packaging processes) was offered at the equiva- 
lent of 76 cents a gram by 5 major manufacturers and 27 to 44 cents 
a gram by “packagers”—whose names commanded less recognition 


32 ECONOMIC REPORT ON ANTIBIOTICS MANUFACTURE 


among buyers and which bought their penicillin in bulk from the 
manufacturers. In contrast, the per-gram price equivalents of vari- 
ous dosage forms of the broad spectrum antibiotics, of erythromycin 
and of the patented benzathine and phenoxymethyl (penicillin V) 
penicillins ranged from $1.12 to $1.51. 

The effects on profits of this price difference between the older and 
newer antibiotics are indicated by certain financial data submitted by 
the companies and tabulated under several major product categories. 
As late as 1951, net operating profit reported was 23 percent of sales 
for the older forms of penicillin, 21 percent for streptomycin, and 50 
percent for the broad spectrum group. A deficit was shown every 
year from 1952 through 1956 for the older penicillins, and from 1953 
through 1956 for the streptomycins. Broad spectrum net operating 
profits, despite rising costs of, and increasing expenditures for, sell- 
ing, research and management, were reported to be 37 percent of sales 
in 1956, and profits on the new, exclusive penicillin products to be 
42 percent. Asaresult of allocations of joint costs, the specific figures 
are subject to a margin of error, but the broad divergence in profit 
trends emerges clearly. 

In 1950 the combined sales of American Cyanamid Company and 
Chas. Pfizer & Co. were 35.7 percent of all antibiotic sales. By 1956 
the share of these companies, both of which had developed successful 
new antibiotics, had increased to 47.4 percent. Some companies less 
fortunate in their research have at times suffered losses, and four of 
the 1950 producers have discontinued manufacture. Nevertheless, the 
production of antibiotics, like that of drugs and medicines generally, 
has been among the most profitable branches of manufacturing in re- 
cent years. The Commission has not attempted to assess these apebnts 
in the light of industry risks or other factors. The continuing emer- 
gence of new antibiotic drugs does, however, make it appear that (in 
the words of the Commission resolution which initiated this study) 
profits have been adequate to give the desired “continuing incentives 
for the discovery and development of new uses and new antibiotics 
under the private enterprise system.” 

One significant aspect of competitive rivalry in the antibiotics in- 
dustry is the attempt by manufacturers to hold and increase their 
shares in the ethical drug market by product improvement, by prod- 
uct identification through trademarks, and by heavy promotional ex- 
penditures. A characteristic of the whole pharmaceutical industry is 
that selling costs represent a substantial part of the manufacturer’s 
price. Costs and profits of distributors, such as wholesalers, retailers, 
or hospitals, must be added to arrive at the price paid by the physician 
or patient. This distributive margin appears to range from perhaps 
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a third to a little over half of the price. Due to limitations of funds 
and personnel, the Commission’s study did not cover this area in detail. 

The importance of antibiotics in medicine is revealed by public 
health statistics showing the declining incidence of, and death rate 
from, illnesses such as tuberculosis and the venereal diseases, in the 
treatment of which antibiotic therapy has proved effective. More 
antibiotic prescriptions than any other type have been written by phy- 
Siclans since 1952. Antibiotic substances have also found important 
secondary uses, especially as animal feed supplements. Finally, the 
American industry has supplied, through exports and plant construc- 
tion abroad, much of the world demand for these drugs. 

In its economic survey of the industry, the Commission has taken 
note of any situations which might represent a conflict with the laws 
it enforces. Thus, certain patents have been handled in ways that may 
represent a conflict with the antitrust laws, instances of uniformity of 
bids and unusual rigidity of prices were observed, and the provisions 
of some term purchase contracts appeared to warrant further study 
with respect to differences in prices charged different buyers and to 
relationships established between the parties. All situations having a 
possible trade restraint aspect have been made the subject of a legal 
investigation by the Commission since November 1957. 


CHAPTER I 


Origin of the Industry 


This chapter presents information as to the discovery of penicillin, 
the first medically useful antibiotic, and describes developments which 
led to large-scale commercial production of penicillin during World 
War II. Some significant features are not dealt with in this chapter, 
but are considered in detail in appendix II to the report.* 

Science—The Endless Frontier,? a report to the President on a 
program for postwar scientific research by Dr. Vannevar Bush, Di- 
rector of the Office of Scientific Research and Development, opens its 
first chapter with this paragraph: 

We all know how much the new drug, penicillin, has meant to our grievously 
wounded men on the grim battlefronts of this war—the countless lives it has 


saved—the incalculable suffering which its use has prevented. Science and the 
great practical genius of this nation made this achievement possible.® 


In the next chapter the achievement is explained: 


Penicillin reached our troops in time to save countless lives because the 
Government coordinated and supported the program of research and develop- 
ment on the drug. The development moved from the early laboratory stage to 
large scale production and use in a fraction of the time it would have taken with- 
out such leadership.* 


Fleming’s Discovery 


One of the more concise summaries of the origin of penicillin and 
the manner of its reaching the United States is found in the 1948 re- 
port of the Bureau of Agricultural and Industrial Chemistry, United 
States Department of Agriculture: 


Penicillin was discovered in 1929 [but see Fleming quotation below]* by a 
British bacteriologist, Prof. Alexander Fleming, who observed a germ-free zone 
surrounding a small particle of mold which contaminated an agar-plate culture 
of a staphylococcus species. The mold was identified as Penicillium notatum 
and consequently the germ-inhibiting substance excreted by the mold was named 


1 App. II presents in detail the data summarized in this chapter and additional infor- 
mation that could not be treated in this summary. Included is a recital of the unsuc- 
cessful efforts made during World War II to achieve the commercial synthesis of penicillin. 

2Vannevar Bush, Science—The Endless Frontier, U. S. Government Printing Office, 
Washington, 1945. 

3 Ibid., p. 5. 

“Ibid., p. 9. 

5“The contamination in 1928 of a culture plate by spores of a species of Penicillium 
was the beginning of the study of penicillin. Such contamination is not uncommon in a 


34 


ORIGIN OF THE INDUSTRY ao 


“penicillin.” Further investigation was stimulated by the war. In 1940 other 
British investigators, led by Prof. H. W. Florey and Dr. E. Chain of the Uni- 
versity at Oxford, succeeded in preparing a small quantity of the drug in concen- 
trated form, which was administered to human patients for the first time in 
1941, with marked success. 

Professor Florey was so impressed with the possibilities of this drug for 
treating gangrenous wounds and infected burns that he and an associate, Dr. 
N. G. Heatley, came to the United States to urge that attempts be made to pro- 
duce the drug commercially. He was encouraged by the Chemotherapy Com- 
mittee of the National Research Council and the Committee on Medical Research 
of the Office of Scientific Research and Development of the Office for Emergency 
Management which arranged to support concentrated research for a limited time 
on penicillin production at the Northern Regional Research Laboratory by its 
Division of Fermentation Research, in cooperation with Dr. Heatley and four 
other scientists, representing the Office of Scientific Research and Development.® 


As noted in the above quotation, responsibility for the work of co- 
ordinating penicillin research was entrusted to the Committee on 
Medical Research of the Office of Scientific Research and Develop- 
ment. The Committee was organized in June 1941, to “initiate and 
support scientific research on medical problems affecting the national 
defense,” and from the beginning availed itself of the experience and 
advice of the already functioning committees of the National Re- 


search Council. Its chairman throughout its history was Dr. A. N. 
Richards. 


bacteriological laboratory and is usually regarded as a reflection on the technique of the 
bacteriologist. Sometimes, however, it is unavoidable, as in this particular instance when 
the culture plate had to be opened for examination under a dissecting microscope and then 
left for future examination. When next observed, mould spores which had gained access 
had developed into a large colony. This in itself did not call for comment, but what was 
very surprising was that the staphylocooccal colonies in the neighborhood of the mould, 
which had been well developed, were observed now to be showing signs of. dissolution. 
This was an extraordinary and unexpected appearance and seemed to demand investiga- 
tion. The mould was therefore isolated in pure culture for further examination. It was 
found to belong to the genus Penicillium, but it was not so easy to identify the species. 
There are some hundreds of species of Penicillium and the mycologist attached to St. 
Mary’s Hospital classed it as P. rubrum, and in the first publication on penicillin this 
name appeared. Later work, however, by Raistrick and Thom showed that it really was 
P. notatum, a species closely allied to P. chrysogenum (Thom). * * * 

“In 1929 the position was that a mould—a Penicillium—produced in culture a remarkable 
antibacterial substance (penicillin). ‘This acted on many of the common bacteria patho- 
genic to man. The strength of a broth culture of this mould was such that it could be 
diluted to nearly 1 in 1,000 before it lost its bacteriostatic power against staphylococci. 
This is about three times the dilution at which phenol ceases to be bacteriostatic. In 
eontrast to all the older antiseptics it was apparently without toxicity to human leucocytes, 
but it was unstable and easily destroyed. The earliest attempts at concentration failed, 
but the erude fluid continued to be used for selective culture in the bacteriological labora- 
tory.” (Sir Alexander Fleming, ‘‘History and Development of Penicillin,’ Penicillin, Its 
Practical Application, edited by Sir Alexander Fleming, 2d ed., Butterworth & Co., Ltd., 
London, 1950, pp. 2—4, 11.) 

6 Report of W. W. Skinner, Chief of the Bureau of Agricultural and Industrial Chemis- 
try, Agricultural Research Administration, U. 8. Department of Agricultural Research, 
dated October 15, 1943. 
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According to the Medical Advisory Committee appointed by Dr. 
Bush, “among the most conspicuous achievements” of the Committee 
on Medical Research was— 

The acquisition, in civilian hospitals and laboratories of sufficient knowledge 
of the therapeutic value of penicillin to warrant its official adoption by the 
medical divisions of the Army and Navy, and to provide the impetus for the 
great production program that has made this remarkable drug available in 
large quantities for both military and civilian use.’ 


First Efforts of OSRD To Obtain Production of 
Penicillin 


Once the Committee on Medical Research was convinced of the 
potentiality of penicillin as a military medicine, its efforts were im- 
mediately directed toward problems of production as well as toward 
problems connected with therapy. It was hoped that penicillin 
could be manufactured by chemical synthesis, avoiding the tedious 
mold-growth process by which only samples of penicillin had so far 
been obtained. 

In his testimony on October 22, 1945, at the Senate hearings on 
science legislation, Dr. Richard told of Dr. Bush’s having “called a 
meeting in his office in October of * * * [1941], at which scientific 
representatives of four industrial firms were present, also the chief 
mycologist of the Department of Agriculture, the Chairman of the 
Division of Chemistry of the National Research Council, the Chair- 
man of CMR [Committee on Medical Research] and Dr. Bush him- 
self, in order to find out whether a joint effort might not be initiated 
which would give us more information as to the possibility of pro- 
ducing that drug here.” 

“It was all a gamble,” said Richards. “The representative of one 
particular firm was enthusiastic about cooperation. The others didn’t 
know too much about it and were cautious.” 

Continuing his account of the early attempts to obtain the coopera- 
tion of the companies in question, Dr. Richards said: 

Another conference was held in December of the same year, at which the 
heads of companies were present, and it was agreed that information would be 
shared through the intermediation of the Committee on Medical Research, and 
all four companies agreeing to put their research teams or fractions of them on 
the problem. As a result, we began to get a trickle of a supply of penicillin dur- 


ing the early months of 1942. 
* * * % * bd * 


*Vannevar Bush, Science—The Endless Frontier, App. 2, “Report of the Medical Ad- 
visory Committee, Dr. W. W. Palmer, Chairman,” p. 47. , 

’John Winslow Hirshfeld, “The Application of Penicillin to Surgical Problems,” Ad- 
vances in Military Medicine, edited by E. C. Andrus, et al., 2 vols., Little Brown & Co., 
Boston, 1948, vol. I, p. 123. 
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We didn’t have contracts with the commercial firms. They preferred not to 
work under contract and we got all the advantages of a contract without cost 
to the Government. . 

* * * * * % * 

The production research by commercial firms was done at their own expense ; 
OSRD, on recommendation by our committee, helped finance the work of the 
Peoria laboratory of the Department of Agriculture and, after February 1, 1943, 
bought all of the penicillin supplied to the clinical investigators.® 


Dealing at a later date and in somewhat more detail with the earlier 
efforts (including the two meetings of which the Subcommittee was 
told) of the OSRD to stimulate the production of penicillin, Dr. Rich- 
ards wrote: 


From these meetings, all the participants received assurance of the interest of 
OSRD [CMR] and of the support that the OSRD was prepared to supply to their 
efforts. It was specifically agreed that the Peoria laboratory would energetically 
continue its study of the cultural characteristics of the mold, with a view to in- 
creasing its productiveness; that the Chief of the Fermentation Division would 
advise the cooperating companies of progress made and act as their consultant; 
and that, while the companies would proceed with production research inde- 
pendently, their progress would be reported to the CMR for such distribution as 
would advance the program. 

Early in 1942 the OSRD made funds available to the Northern Laboratory ” 
for extensive expansion of its work. The industrial companies chose not to apply 
for Government funds; indeed, for more than a year after these meetings the 
only penicillin that the CMR distributed for clinical studies was provided by 
three of these companies without cost to the Government. Priorities for the 
apparatus and equipment necessary for production research by the industrial 
firms were obtained from the War Production Board through the advice of 
CMR.” 


Since Dr. Richards did not elaborate to the Senate subcommittee 
upon the statement that the commercial companies “preferred not to 
work under contract,” or suggest in his foreword to Advances in 
Military Medicine why it may have been that “the industrial com- 
panies chose not to apply for Government funds,” it should be under- 
stood that the OSRD did not solicit uncompensated services or fail 
to offer financial as well as other kinds of support. An OSRD record 
of the meeting of October 1941, mentioned in Dr. Richards’ testimony 
quoted above, contains two paragraphs which at least make clear that 
preference and choice were involved in nonacceptance by “the in- 
dustrial companies” of Government funds, and, may contribute to- 
wards an enlarged understanding of the companies’ attitudes. The 
two relevant paragraphs of the memorandum are these : 


® Hearings before a subcommittee of the Committee on Military Affairs, U. 8. Senate, 
79th Cong., 1st sess., on S. 1297 and related bills, pt. 3, pp. 461-462. 

10 Northern Regional Research Laboratory, U. S. Department of Agriculture at Peoria, 
Tl. 

1A, N. Richards, foreword to Advances in Military Medicine, edited by E. C. Andrus 
et al., 2 vols., Little, Brown & Co., Boston, 1948, vol. I, p. li. 
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Various questions were asked and answered concerning priorities and con- 
cerning patents. The patent sheets of both the NDRC and CMR contract forms 
were supplied to each. Dr. Bush left two questions with them: (1) what each 
plans to do or is willing to do in this field, (2) how far they are willing to go in 
eollaboration. It was made clear that the Government had money to spend 
and they are to think of how the Government can help them. The specific ques- 
tion was raised that if any one or all of the companies made sufficient product 
for both clinical and chemical testing, would they be willing to place enough 
for chemical study in the hands of certain university chemists. 

The party broke up with the thought that they will consult with the responsible 
heads of their companies, and will let me know the answers to these questions 
or any others that have occurred to them with the thought that a further con- 
ference may be called. Dr. Bush emphasized the fact that we were not sug- 
gesting any commercial collusion at all; that we were only interested in the re- 
search aspects of the whole problem.” 


By the latter part of April 1948, despite the impressive clinical evi- 
dence of the therapeutic value of penicillin, discouragement seems to 
have prevailed in the Committee on Medical Research—or at any rate 
on the part of its chairman—about the availability of much more ade- 
quate supplies of penicillin by any reasonably predictable date. In an 
effort to increase the available supplies, on April 27, 1943, Dr. Bush 
sought the help of Elihu Root, Jr., first talking to him on the tele- 
phone and then writing the letter quoted in part below: 

% * % % % * * 


One of the greatest medical discoveries of recent times, and probably the great- 
est medical matter to come out of the war, is penicillin. This is a product ob- 
tained from a mold. It is exceedingly potent * * * it has definite arresting 
action in dilutions as great as one part in a hundred million. It can be directly 
injected into the blood stream. Moreover, it acts especially on those cases that 
are resistant to the sulfa drugs, or that are caused by organisms on which the 
sulfa drugs fail to act. However, it seems to be more than just a supplement 
to the sulfa drugs and if it were available in sufficient quantity and at low enough 
cost it might well supplant them for many purposes. 

The fact that such a potent substance existed has been known for quite a few 
years through observations in Great Britain. The problem has been to get 
enough of it to allow clinical tests to be made, and the problem following 
this is to get the cost down to where it can be used practically. Dr. Richards’ 
committee has had a large amount of work going on both in university labora- 
tories and with some of the pharmaceutical concerns. When enough of the drug 
was obtained for clinical testing, the results were quite remarkable. The cost 
has been brought down steadily. At present there is enough of the stuff so that 
really extensive treatments can be undertaken, and some very hopeful tests have 
come out of the Brigham Young Hospital in Utah on cases brought from Guadal- 
canal which had refused to yield to any other treatment. 

Now the pharmaceutical companies have cooperated in this affair after a 
fashion. They have not made their experimental results and their development 
of manufacturing processes generally available, however. The Committee on 
Medical Research has brought about interchange as far as it could, but not 


Memorandum, Conference on Penicillin, October 8, 1941, records of OSRD, National 
Archives, Record Group (hereafter abbreviated NA, RG) 227. 
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complete interchange. Undoubtedly there could be expedition if the inter- 
change were complete. 

The problem is now well past its first experimental stages. There is no doubt 
whatever that the product is of enormous value. There is no doubt that it will 
need to be manufactured in very large quantities indeed. Now facilities will have 
to be built for such manufacture. The benefit that can come to our wounded 
is very great, and the results after the war may bea very large boon to humanity 
generally. However, WPB is faced with the problems of where and to what 
extent priorities should be extended for allowing new people to get into the manu- 
facture, and the Committee on Medical Research is faced with the problem of 
research results and particularly of manufacturing “‘know-how.”’ 

There are presumably in the hands of the various manufacturers quite a num- 
ber of patent applications on various processes for making the drug. The rights 
under the CMR contracts to Government will not include these manufacturing 
processes generally, since the latter have been carried on almost entirely at the 
expense of the pharmaceutical houses. 

Now it may be to the public interest at the present time to bring into manu- 
facture of this product some new group that has not contributed in any way 
up to the present moment. It would hardly be equitable, however, to ask the 
pharmaceutical houses that have borne the burden of development to make 
their knowledge freely available to a newcomer who is a potential competitor 
without compensation. However, insofar as this manufacturing knowledge is 
covered by patents which presumably will later call for royalty payments, the 
transfer of such information might be not only desirable but also equitable. 

It seems, therefore, that a thorough job needs to be done very promptly of 
getting these manufacturers together on some basis which will adequately pro- 
tect the Government interest, the public interest, and also the proper rights of 
the cooperating companies. I think that this can be accomplished. I feel sure 
that if it were accomplished the results would be very large and very satisfying. 

This is the problem. It obviously needs some very careful handling. I hence 
told Richards today that I felt that we ought to bring in someone who knows 
affairs of this sort to work alongside him in the approach to this whole 
matter. * * * both Richards and I felt that we needed someone of very sound 
judgment to steer the affair and to See that it really moved toward some consum- 
mation. I have hence purnee to you, and I vere very much that you will 
find that you can take it on.” 


Mr. Root immediately undertook the assignment. On May 9, 1948, 
Root obtained from Dr. Chester S. Keefer, Medical Administrative 
Officer, CMR, estimates of penicillin requirements and of production, 
both estimates being given in units per week; and 2 days later he had 
separate talks with Palmer, of Squibb, and Smith, of Pfizer, about 
increasing production. Pfizer reported that they were producing 5 
million units per week, and called priorities their greatest trouble, 
but indicated that they were “anxious to press ahead and increase 
production.” Further conversations were held with representatives 
of Squibb and Pfizer. Following these conversations with the com- 
panies known to be most active, Root talked with Cyanamid’s presi- 
dent, W. B. Bell, and W. G. Malcolm, of Lederle Laboratories (Amer- 


13-V, Bush to Elihu Root, Jr., April 27, 1948, records of OSRD, NA, RG 227. 
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ican Cyanamid), on May 19, 1943. They estimated that they could 
then produce in bottles 100 million units per week, and said that they 
expected to continue with bottle fermentation, and to be producing 
300 million units per week in about 4months. They had experimented 
a little with deep-vat fermentation, but with little success. 

Summarizing what the companies first approached about penicillin 
by OSRD in October 1941, were, by late May 1948, willing to do in 
the way of sharing knowledge and experience, Root reported Merck 
and Squibb as having said that “they [would] exchange information 
with any reputable concern which had done hard, honest work on the 
subject,” and that Cyanamid (Lederle), in the words of its president, 
“would be good sports and exchange with anybody who had done 
serious work.” Concerning Pfizer, Root wrote: “Mr. Smith of Pfizer 
said that they were seriously considering the exchange of information. 
I got the impression that with a little urging they would come 
Lea a Nae 

In the Journal of the American Medical Association for May 22, 
1943, there appeared a “Statement Released by the Committee on 
Medical Research” entitled “Penicillin,” the first paragraph of which 
read as follows: 

This statement is designed to acquaint the medical profession with the progress 
of efforts which are being made by the Committee on Medical Research of the 
Office of Scientific Research and Development, by the Division of Medical Sciences 
of the National Research Council, and by certain commercial companies to pro- 
mote investigation of the therapeutic usefulness of penicillin and to increase 
the available supply of this remarkable substance. They were initiated and 
are continuing as a phase of the war effort, directed primarily toward the bene- 
fit of our armed forces, 

The discovery of penicillin by Fleming; the work of Florey, Chain, 
and their associates at Oxford; the studies made at the Northern 
Regional Research Laboratory and the continuing research there were 
reported, and in addition that “research looking toward production” 
had been going on in the laboratories of certain drug and pharmaceuti- 
cal companies. 

“Today,” said the Committee, “some 16 companies are engaged in 
or intend to become engaged in the production of penicillin. In no 
instance has production advanced beyond the pilot-plant stage; in 
the majority it is still in the laboratory stage.” And, it was stated 
further, “the difficulties which confront large scale production are 
very great.” 

What was said about clinical tests covered both the results of earlier 
studies and the tests—then only recently completed—at the Bushnell 
General Hospital, Brigham City, Utah. 


4 Elihu Root, Jr., to A. N. Richards, May 19483, records of OSRD, NA, RG 227. 
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Continuing, the statement said: “The results of * * * investigations 
thus far have completely upheld the early promise contained in the 
reports of Florey, Chain, and their collaborators. More than 300 
patients have been or are being treated with penicillin. There is 
good reason for the belief that it is far superior to any of the sulfona- 
mides in the treatment of Staphyloccous aureus infections with and 
without bacteremia, * * *.” Other infections in the treatment of 
which penicillin was reported “extremely effective” were also listed. 

The statement concluded with these four brief paragraphs: 

Properly made preparations have given no toxic reactions, even from the larg- 
est dosage. Its rapid excretion in the urine necessitates frequent administration 
when given intravenously or intramuscularly. 

The work of the coming 3 months can be expected to result in clearer defini- 
tion of the conditions in military medicine in which penicillin will be most use- 
ful, of its limitations and of the most advantageous as well aS the most economi- 
cal methods of its administration. 

At the same time, intense efforts are being made by manufacturers to expand 
production to a point at which it may be made available in significant quantities 
not only for casualties returned to this country but also for our forces over- 
seas. 

Unless an expansion of production takes place at a greater rate than can now 
be foreseen, the supply for civilian medical needs in the near future will be 
exceedingly limited.”® 


The WPB Penicillin Production Program 


According to an article by Fred J. Stock, Chief of WPB’s Drugs 
and Cosmetics Branch, published in April 1945, it was “in May 1943” 
that “it became evident that this new drug [penicillin] would be need- 
ed by the military service in large quantities * * *. Representatives 
of the Drugs and Cosmetics Branch met with Dr. Richards and his 
associates in May 1943, and discussed the first production program.” * 
This was apparently the first of the “immediate steps * * * under- 
taken toward an aggressive expansion of production facilities for 
penicillin” after “the clinical research, which had been carried on 
under the Office of Scientific Research and Development, showed 
that this new drug was dramatically effective in the treatment of cer- 
tain diseases.” +” 

Whether in May 1943, or later is not clear; but regarding the attitude 
of the industry, Stock later said: 


% Journal of the American Medical Association, vol. 122 (No. 4, May 22, 19438), pp. 
235-236. 

14Fred J. Stock, “Penicillin—Production and Distribution,” Journal of the American 
Pharmaceutical Association, Practical Pharmacy Edition, Vol. VI (April 1945), p. 110. 

17 American Pharmaceutical Manufacturers Association Proceedings, midyear meeting, 
December 19438, p. 193. 
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Widespread publicity regarding the use of penicillin caused a large number of 
companies to investigate the possibility of producing it. More than 175 companies 
were interviewed or corresponded with regarding penicillin production.* . 

* %* * . * tk * 

Twenty-one companies were selected and integrated into a program to receive 
priorities and such assistance as could be given by WPB. These companies were 
selected on the basis of their experience with penicillin, their knowledge of the 
production of chemicals by the fermentation method, their general experience 
with biological products or the processing of blood plasma and serum albumin, 
the technical staff, facilities available, and other pertinent factors.” 

oe * * * * ® = 


The Civilian Production Administration listed the following 20 com- 
panies as authorized by WPB: 


Abbott Laboratories, North Chicago, III. 
American Cyanamid Co. (Lederle), Pearl River, N. Y. 
American Home Products Corp. (Wyeth), Kimberton, Pa., West Chester, Pa., 

Philadelphia, Pa. 

Ben Venue Laboratories, Bedford, Ohio. 
Cheplin Biological Laboratories” (Bristol Laboratories, Inc.), East Syracuse, 

IN Xe. 

Cherokee Biological Laboratories, Syracuse, N. Y. 
Commercial Solvents Corp., Terre Haute, Ind. 
Cutter Laboratories, Berkeley, Calif. 

Emerson, Sam W., and Hattie Dettleback, Cleveland, Ohio. 
Heyden Chemical Corp., Princeton, N. J. 
Hoffmann-La Roche, Nutley, N. J. 

Kli Lilly & Co., Indianapolis, Ind. 

Merck & Co., Inc., Rahway, N. J. 

Merrell, William & Co. (Vick), Hamilton, Ohio. 
Parke, Davis & Co., Detroit, Mich. 

Chas. Pfizer & Co., Inc., Brooklyn, N. Y. 
Schenley Laboratories Ine., Lawrenceburg, Ind. 
E. R. Squibb & Sons, New Brunswick, N. J. 
Sterling Drug Inc., Rensselaer, N. Y. 

Upjohn Co., Kalamazoo, Mich. 

Source: Civilian Production Administration, Industrial Statistics Division, War In- 
dustrial Facilities. Authorized July 1940—-August 1945, Washington, July 380, 1946. 
(See also footnote to table 38, p. 54.) Albert L. Elder and Lawrence A. Monroe 
published in the March 1944 issue of Chemical and Metallurgical Engineering an article 
entitled, ‘Penicillin, Wartime Growing Pains of the Industry.” The authors listed many 
of the above-named authorized companies. However, Sam W. Emerson, Hattie Dettleback, 
Cherokee Biological Laboratories, and Merrell, William & Co. were not included. Also, the 
article designated as authorized Connaught Laboratories, University of Toronto, and 


Ayerst, McKenna & Harrison, Montreal (a subsidiary of American Home Products Corp.) 
which were not mentioned in the list prepared by Civilian Production Administration. 


#% On an earlier occasion, Stock had said: “Many of these companies were not equipped 
to enter commercial scale production; they did not have the facilities, personnel, or ex- 
perience in the production of products similar to or related to Penicillin.”” (American 
Pharmaceutical Manufacturers Association Proceedings, midyear meeting, December 1943, 
p. 194.) ; ; 

*® Journal of the American Pharmaceutical Association, Practical Pharmacy Edition, vol. 
VI (April 1945), p. 112. 

2 American Home Products includes Reichel Laboratories purchased December 1, 1942. 
Bristol purchased the Cheplin plant during the war. 
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But it should be noted that these “companies” had been “selected” 
or approved to “receive such assistance as could be given by WPB.” 
There was nothing to prevent other companies from producing if 
they were able to do so without assistance, though all producers were 
subject to the allocation order when it was issued. Thus, there were 
some producers other than those listed. : 

Once the “War Production Board came to recognize the necessity 
of greatly expanded facilities,” as Richards commented some years 
later, “they surveyed the country to identify the plants most adaptable 
to penicillin production, saw to it that equipment was available, and 
through their Office of Production Research and Development ob- 
tained and distributed information that greatly increased production 
effectiveness.” *1 

Dr. Elder, of the Chemicals Bureau, and Dr. L. A. Monroe, of the 
Office of Production Research and Development, discussed some of 
the problems of the industry as the WPB program began in an article 
published in March 1944. “Although,” they said, “it has been estab- 
lished that the fundamentals of contemplated penicillin production 
are sound, there remains a host of problems to be solved.” The most 
urgent of these were indicated as follows: 

First is the problem of bringing all plants to full production rate. Second are 
those of increasing plant capacities through technological improvement to enable 
future increases in penicillin requirements to be met through modification of 
present plants so far as possible, rather than through the slower and more 
wasteful process of constructing new plants. Third, but perhaps most important, 
is the necessity to improve the quality of the product with regard to its chem- 


ical stability in order that in the future penicillin may be shipped and stored 
under adverse conditions without danger of deterioration. 


Saying that “effort on a nationwide basis [was] being applied to _ 
the solution of the above and related problems,” the authors recog- 
nized the contributions of those first concerned with penicillin produc- 
tion problems,”? and then proceeded to report work initiated by the 
War Production Board: 


Other groups brought together by the Office of Production Research and De- 
velopment are also contributing technologically to the industry in the period of 
plant construction and conversion of processes to large scale. These include 
biochemists, bacteriologists, and botanists concerned with fermentation problems 
and working under Dr. W. H. Peterson at the University of Wisconsin; chem- 
ists, bacteriologists, and chemical engineers at the Pennsylvania State College 


*1 Advances in Military Medicine, edited by E. C. Andrus, et al., 2 vols., Little, Brown & 
Co., Boston, 1948, vol. I, p. lii. 

22““The development in this country,’ it was said, ‘‘was planted and carefully tended 
throughout its early life by the Fermentation Division of the Northern Regional Research 
Laboratory of the U. S. Department of Agriculture, under the leadership of Dr. Robert D. 
Coghill. The work of this group, allied with the Committee on Medical Research of the 
Office of Scientific Research and Development, continues in its far-reaching influence over 
the entire field of penicillin in this country and abroad,”’ 
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headed by Dean F. C. Whitmore on developing processes for the recovery of 
penicillin from the fermentation broth; chemical engineers headed by Dr. T. K. 
Sherwood at the Massachusetts Institute of Technology, studying and advising 
on methods of drying the final product for packaging and shipment; and plant 
pathologists led by Dr. E. C. Stakman at the University of Minnesota and Dr. 
G. W. Beadle at Stanford University in search for better mold strains. Intensive 
effort by corn products industry is being devoted to improvement of nutrient 
factors for the growth medium.” 


By the spring of 1944, military requirements for penicillin had been 
met, and steps were taken to make penicillin available to the civilian 
population. Supplies were still limited, however. On May 1, 1944, 
the War Production Board established a Civilian Penicillin Distribu- 
tion Unit. There were 1,000 hospitals located throughout the United 
States which were repositories for further distribution of penicillin 
in their communities. 

A WPB press release dated June 28, 1944, little more than a year 
after the first authorizations of new aaa construction under the 
Board’s penicillin program, made two announcements which together 
indicated great progress in penicillin production. Regarding supplies 
for civilian use, the release said: 

WPB * * * announced that it has approved a 20-percent increase in monthly 
quotas of penicillin for depot hospitals in the United States. When the plan for 
limited civilian distribution was made effective in the United States, it was 
understood that as more penicillin became available, additional hospitals would 
be designated as depots and, at the same time, that quotas would be raised, 
Chemicals Bureau representatives told the members of the Penicillin Producers 
Industry Advisory Committee at a recent meeting. In line with this policy, the 
roster has increased from the 1,000 hospitals selected in May 1944 to more than 
2,000, and the July quota will reach a new high of 15 billion units which, barring 


unforseen emergencies, will be the regular monthly quota. Civilian depot hos- 
pitals called for 12.2 billion units of penicillin for the month of May, WPB said.” 


The release also reported the completion of arrangements “for the 
export of 1 billion Oxford units of penicillin to other American Re- 
publics on an allocation for the month of June,” and that plans were 
“being made through Foreign Economic Administration offices located 
in the field for 2 restricted worldwide distribution of the wonder drug 
for civilian use.’ 

It is worth Cabs here, as having contributed to the significance of 
the WPB’s announcement just quoted, that on June 23, 1944, the OPA 
had issued a press release relating to penicillin prices. It said: 

In response to inquiries concerning the maximum price of penicillin now avail- 
able to civilian hospitals, the Office of Price Administration stated today that 


considerable variation in the maximum price of that material exists at the present 
time. 


23 Albert L. Hilder and Lawrence A. Monroe, “Penicillin, Wartime Growing Pains of the 
Industry,’’ Chemical and Metallurgical Engineering, March 1944, pp. 104-105. 
24 WPB press release, June 28, 1944, NA, RG 179. 


ORIGIN OF THE INDUSTRY 45 


Penicillin is the relatively new medicinal agent obtained from the mold 
Penicillium notatum, used so effectively by the Army and Navy, and now avail- 
able to civilian hospitals as well. 

During the initial production period, costs and production conditions have 
varied widely, and individual manufacturers’ prices were established by OPA 
in recognition of this variance. 

OPA pointed out that actual selling prices have declined during the last year 
as production became greater. One seller’s price to civilian hospitals is $3.15 per 
100,000 Oxford units. Since some sellers are supplying the U. S. Government 
ata price much less than this, OPA said it is reasonable to expect further re- 
ductions in the price to civilian hospitals.” 

Early in February 1945, the WPB reported that “production in 
December 1944 was 278 billion units (2,780,000 vials), while the Janu- 
ary 1945 production was approximately 330 billion units (3,300,000 
vials), as compared with an output of 12,500 million units in January 
1944,” and that “a 20-percent increase in monthly quotas of penicillin 
for more than 2,700 depot hospitals [had] been in effect since Feb- 
muary 4”? 

A month later, WPB announced that as of March 15, 1945, “pro- 
ducers and distributors” would be permitted to sell penicillin “through 
normal trade channels * * * in vials containing 100,000 units of sodi- 
um penicillin for human parenteral medication.” Authorized to be 
sold from March 15 to March 31 were 1,280,000 vials, while “an addi- 
tional quantity of approximately 1,500,000 vials” was to “be made 
available for distribution in April.” After March 15, the 2,700 depot 
hospitals could obtain supplies through distributors. Although sup- 
ples were not yet sufficient to permit the manufacture of any but 
the parenteral dosage form,”’ large-scale commercial production of 
penicillin had become a reality. 

By 1946 the rising production permitted the inclusion of pencillin 
in formal CPA allocations. In the initial allocation in 1946 there 
was a final allocation total of 32,690.63 billion Oxford units. Civilian 
allocations in parenteral, bulk, and dosage forms took more than half 
with a total of 16,614.74 billion Oxford units. The military alloca- 
tion was a surprisingly small] total of 2,000 billion Oxford units. 


2 OPA advance release for Friday afternoon papers, June 23, 1944, NA, RG 188. 
2 WPB press release, February 8, 1945, NA, RG 179. 
27 WPB advance release for Thursday morning papers, March 8, 1945, NA, RG 179. 


CHAPTER II 


The Influence of National Defense on 
the Development of the Antibiotics 
Industry 


Although the manufacture of antibiotics is frequently referred to 
as an industry, it really is only a segment of the larger pharmaceutical 
industry. This segmeat is distinguished by the use of biosynthetic 
chemical processes of fermentation in which some kinds of lving 
micro-organisms act as catalytic agents to produce inanimate chemi- 
cal substances capable of destroying or inhibiting the growth of other 
living micro-organisms. Most antibiotics are produced by direct fer- 
mentation. Today, however, one antibiotic, chloramphenicol, which 
can be produced by fermentation, is produced commercially by chemi- 
cal synthesis. Another, tetracycline, can be produced directly by fer- 
mentation, or by catalytic reduction of chlortetracycline which in turn 
is produced by fermentation. Streptomycin, produced by fermenta- 
tion, may be further processed into dihydrostreptomycin. 

In chapter I, the story of the discovery and development of peni- 
cillin was presented. Put mto production during World War II, 
this first antibiotic brought the world a new weapon against infec- 
tions and diseases. Perhaps of even more significance, in the long 
range, was the impetus given to a new phase of the study of micro- 
organisms—whose full potentialities are still far from known. In 
this chapter, the role of wartime planning and Government spend- 
ing in the development of the antibiotics industry will be discussed. 
The participation of private industry in this program also will be 
considered. Public funds will be the first aspect analyzed. 


World War II 


Both private and public interest in the production of penicillin was 
greatly stimulated when Messrs. Florey and Heatley visited the United 
States in July 1941. Prior to this date, the Northern Regional Re- 
search Laboratory of the United States Department of Agriculture at 
Peoria, I1l., was engaged in mold research, and the Committee on Medi- 
cal Research had been set up in the Office of Scientific Research and 
Development in June 1941. Thus these two Government agencies were 
in a position to receive the British visitors. In August 1941, Florey 
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visited several American and Canadian companies which already were 
producing drugs and chemicals by fermentation processes. His pur- 
pose was to induce them to produce penicillin. Some of these com- 
panies already were carrying on laboratory research respecting 
penicillin, but neither public nor private research had yet developed 
the information needed for setting up commercial production. Fol- 
lowing this visit, further research was continued by both Government 
agencies and private companies. Part of this research was financed 
with public funds, and the remainder was financed by private interests. 

Before study of penicillin could be seriously undertaken, supplies 
of the material had to be obtained. Companies which had experienced 
research teams and which had obtained some penicillin in experimen- 
tal work were asked to contribute all of their penicillin to the Gov- 
ernment for use in a research program. With this penicillin, the Gov- 
ernment launched an intensive program of research. 


Public funds expended for research 


World War IT records examined by the Commission’s staff do not 
indicate the total amount of public funds spent by Government agen- 
cles on penicillin or other antibiotics research which they conducted 
themselves. Available records of the Office of Scientific Research 
and Development, however, indicate that it entered into numerous 
contracts with nongovernmental agencies and a few with other Fed- 
eral or local government agencies. Among these were contracts under 
which varying amounts of public funds were contributed toward re- 
search by universities, hospitals, and other private or semiprivate 
agencies into penicillin’s chemical structure and its use in therapy. 
The amounts varied greatly among the agencies assisted as well as with 
the objectives of research. 

A list of such projects appearing in volume II of Advances in Mili- 
tary Medicine, published in 1948, indicates that at least 56 such con- 
tracts covering research in penicillin or its use in treatment of diseases 
were made by the Office of Scientific Research and Development dur- 
ing World War II. Of these contracts, nine were with pharmaceutical 
manufacturers, and involved no grants of public funds. Of the re- 
maining 47 contracts, 36 were with educational institutions, 6 were 
with hospitals, 2 were with other Federal Government agencies, and 
3 were, respectively, with the Chicago Board of Health, Merck Insti- 
tute, and the National Academy of Sciences. Two of the contracts 
related to development of streptomycin, while all the others related to 
penicillin. The total amount of public funds granted under these 
contracts was $2,770,305. The list of contracting parties, the subjects 
of their research, and the amounts granted under each contract as 
shown by the records of the Office of Scientific Research and Develop- 
ment examined are shown in table 1 below. 
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In relation to the above table, it may also be noted that the Depart- 
ment of Agriculture launched a $100,000 penicillin project at the 
Northern Regional Research Laboratory in Peoria, Ill.’ Between 
1942 and 1944 the OSRD turned over more than $27,000 to the Bradley 
Polytechnic Institute in Peoria to permit its participation in the work 
being done at the Northern Laboratory.” 

The pharmaceutical companies which carried on research into 
penicillin’s chemical structure, and the possibility of its synthesis, 
under contract with the Office of Scientific Research and Development 
did so entirely at their own expense. The educational institutions in 
most instances devoted their efforts under their contracts to clinical 
testing of penicillin, for which payment was made by the Government. 

It appears that several pharmaceutical firms had been experiment- 
ing with penicillin, and, after meetings called by the Government in 
October and December 1941, an agreement was reached whereby the 
companies contributed whatever penicillin they could produce to the 
Committee for distribution to designated physician investigators. 
The companies continued their research at their own expense in ac- 
cordance with this agreement until in February 1948 the Office of 
Scientific Research and Development began paying them for the peni- 
cillin they were able to produce and contribute to the testing program. 
The final purchase cost to the Government was about $2 million.’ 

These arrangements made it possible for laboratory and clinical 
tests to proceed at the same time that methods of production were 
being studied by both the Government and prospective producers. 
Production at first was on a laboratory scale, but this experience laid 
the basis for subsequent production on a commercial scale. Asa result 
of these combined efforts, the first patient was treated on March 14, 
1942. The first soldiers were treated with penicillin in April 1948 at 
the Bushnell General Hospital in Brigham City, Utah. By the sum- 
mer of 1948, 209 cases had been treated in 11 Army hospitals and it 
had been shown that penicillin was effective against infections caused 
by staphylococci, streptococci, pneumococci, meningococci, and gono- 
cocci microorganisms. By June 1944 the Army and Navy had adopted 
penicillin as routine treatment for syphilis,‘ and supplies of penicillin 
were becoming a practical reality. 


1One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, Agri- 
cultural Research Administration, U. S. Department of Agriculture. 

2? Kenneth B. Raper, “Research in the Development of Penicillin,’’ Advances in Military 
Medicine, vol. II, Little, Brown & Co., Boston, 1948, pp. 725, 726. 

3’ James Phinney Baxter 3d, Scientists Against Time, Little, Brown & Co., Boston, 1950, 
p. 352. 

£ Ibid., p. 358. 
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The 56 contracts were executed in 1943 and the program concluded 
in 1945. An important feature of their operation was that all the 
participants made regular reports on their progress to the Committee 
on Medical Research of the Office of Scientific Research and Develop- 
ment. The Committee, in turn, provided each contractor with copies 
of reports. The pharmaceutical companies received no direct payment 
from the Government. They did, however, benefit from participation 
in the interchange of technical knowledge. 


Government-financed plants 


As soon as it appeared feasible to manufacture penicillin, the Office 
of Scientific Research and Development, in cooperation with the War 
_ Production Board, took steps to arrange for the construction of plants 
necessary to provide wartime requirements for penicillin.> The first 
penicillin production units were financed by the Government and op- 
erated by 6 pharmaceutical companies, which later purchased the 6 
facilities as surplus war property. Such Government-financed plants 
were described by the Surplus Property Administrator after the war 
as “scrambled facilities,” consisting of equipment and usually some 
construction, such as a wing added to a privately owned factory, an 
enlargement of a building, or the erection of a single building in the 
middle of a group of privately owned buildings.® 

Some of these plants included facilities for production of wartime 
medicines other than penicillin. The expenditures for penicillin fa- 
cilities were reported (table 3, pp. 54-55) as $7,577, 697 in addition to 
company expenditures of $2,859,567, which represented expenditures 
for power plants, packaging machinery, and certain minor purposes 
at the plants operated by Abbott Laboratories and American Cyana- 
mid. It is reported that the Government recovered $3,352,724 by 
sale of these facilities after World War IT to the companies that had 
operated them. On this basis, the cost of these facilities to the Gov- 
ernment was $4,224,973." 

Table 2 below presents data covering the names of purchasers of 
the Government-financed antibiotics plants, and Government’s original 
expenditure and the amounts recovered by the sale of each of the 6 
plants (Plancors). 


5 Kenneth B. Raper, “Research in the Development of Penicillin,” Advances in Mili- 
tary Medicine, vol. II, Little, Brown & Co., Boston, 1948, p. 727; James Phinney Baxter 
3d, Scientists Against Time, Little, Brown & Co., Boston, 1950, p. 349. 

6“The Liquidation of War Surpluses,” quarterly progress report to the Congress by the 
Surplus Property Administration, 4th Quarter, 1945, p. 19. 

7 The disposal agency listed the cost to the Government of these facilities as $7,918,698, 
and on this basis, the cost to the Government would be increased accordingly. 
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TABLE 2.—Public funds expended and amounts recovered by the sale of 6 World 
War II penicillin plants 





Reported sales price 


Planeor | Government 


Purchases and location of plants No.! expendi- Percent of 

ture 2 Amount cost to 

Govern- 

ment 
Abbott Laboratories, North Chicago, Ill._.-------- 2271 $197, 497 $136, 258 69.0 
American Cyanamid Co., Pearl River, N. Y------- 1937 784, 528 A 11.6 
Ben Venue Laboratories, Bedford, Ohio__--_------- 1942 335, 672 150, 000 44.7 
Bristol Laboratories, Inc., East Syracuse, N. Y..-- 1935 2, 410, 000 1, 100, 100 45.6 
Cutter Laboratories, Berkeley, Calif._.-_-----2---- 1926 850, 000 175, 000 20.6 
Heyden Chemical Corp.,3 inrincesons Nese ees 1951 3, 000, 000 1, 700, 000 56. 7 
BGG) 165p laitisen eet so Se el ae eee ee 7, 577, 697 3, 352, 724 44,2 


1 Numbers assigned by the Reconstruction Finance Corporation to plants in the program of the Defense 
Plants Corporation. 

2 From table 3 on pp. 54-55 

3 This plant was used for the production of formaldehyde and hexamine in addition to penicillin. 
&® Source: War Assets Administration, Office of Real Property Disposal, Sales and Leases of Industrial, 
Transportation, and Maritime Property as of June 30, 1947, Washington, D. C. 

Records of the Reconstruction Finance Corporation, NA, RG 234, National Archives, Washington, D. C. 

General Services Administration, Public Buildings Service, Surplus Industrial Real Property and Re- 
lated Personal Property, Sales and Transfers as of Sept. 30, 1952, Washington, D. C. 

Annual reports of antibiotics manufacturers. 


Private plant construction 


The penicillin plant construction program was not limited to the 
six production units which were financed by the Government. In May 
1943 the War Production Board prepared the way for construction 
of additional plants by private industry, Along with AA-~1 priorities 
for the purchase of equipment (covered by certificates of necessity 
issued by the Government), the program gave industry a further 
inducement to undertake construction of plants. This was a tax pro- 
vision which permitted the companies to amortize these defense facili- 
ties in a 5-year or shorter period rather than over the normal amorti- 
zation period that applied to chemical plants—usually 12 to 15 years. 
Some of the antibiotics manufacturers did not use this privilege, elect- 
ing instead to take the normal depreciation period; others obtained 
permission to amortize depreciation in less than 5 years. 

In all, 22 antibiotics facilities were authorized under the wartime 
program, including the 6 initial units financed by the Government. 
The 20 companies authorized to participate in the World War II 
antibiotics program, and the plants covered by the authorizations, are 
listed in table 8. These facilities included 20 penicillin production 
units, 1 penicillin research unit, and 1 streptomycin pilot plant. These 
facilities were not, in most cases, entire plants. Some of them merely 
represented additions to plants already experimenting with antibiotics 
production. From such data as are available, it appears that the total 
estimated cost of war time plants to be built with private funds 
amounted to $22,640,670. As previously indicated, the Government 
expended $7,577,697 for plants. Thus, total of private and public 
funds authorized for new plant expenditures during World War II 
was $30,218,367. Of this amount, funds contributed initially by 
the Government represented about 25 percent. This intensive plant 
construction program proceeded despite the general belief that penicil- 
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lin production by chemical synthesis would soon replace the use of 
molds. Instead, it was found possible to produce penicillin in great 
volume through the growth of molds. 


World War II treatment of plant investment risks 


The emergency nature of the project, newness of the product. peni- 
cillin, lack of established technique for its production, and the fact 
that the best types of equipment had not yet been developed and that 
research was still going on which might very rapidly make produc- 
tion facilities obsolete—all were factors creating risks in the invest- 
ment of funds in new plant facilities. 

For these reasons expenditures on plants or portions of plants built 
with private funds were authorized for rapid tax amortization (accel- 
erated depreciation). In practice, the companies were granted 100- 
percent rapid tax amortization privileges for their privately financed 
facilities which it is believed would be relatively useless after the 
war. Thirty-five percent writeoffs were given for equipment that was 
_ regarded by the War Production Board as being salvageable, whether 
or not production methods were changed.® Also, in 1944, when deep- 
tank production became feasible, the Government allowed rapid 
amortization on 50 percent of the cost of equipment installed in 
converting from the bottle method to the deep-tank method of 
fermentation.” 

The combined result of the Government’s plant-building program, 
high priorities for materials, and the granting of fast amortization 
on private capital invested, was rapid expansion of production facili- 
ties which enabled the industry to deliver penicillin in some quantity. 
within a comparatively short time. The Government program more 
than overcame any deterrent that might have arisen from the knowl- 
edge that the facilities would soon be obsolete as a result of techno- 
logical advances. 

Data furnished by the companies in response to schedule VIII of 
the Commission’s 1957 request for information, supplemented by data 
compiled by the Civilian Production Administration in 1946, indi- 
cates that 14 companies obtained rapid tax amortization privileges 
amounting to $14,464,962, on a total investment of $22,640,670 of 
their own funds in wartime plants. Included in this total are facill- 
ties listed as having been authorized during the war which apparently 
were not approved for rapid tax amortization. Expenditure for 
these facilities totaled $526,000. 

Table 3 lists the 20 companies which operated the 22 World War ITI 
facilities, and lists the amounts of Government expenditure and pri- 
vate investments, and the amounts authorized for rapid tax amortiza- 
tion out of privately invested funds for each plant. 


8 Memorandum from Wm. G. Hughes, Drugs and Penicillin Facilities Unit, War Produc- 
tion Board, to Tax Amortization Branch, War Production Board, dated July 8, 1944, 
records of the War Production Board, NA, RG 179, Washington. 

®“Conference Report in Tax Amortization Percentage Relative to Facility Expansion of 
Penicillin Plants,” records of the War Production Board, NA, RG 179, Washington. 
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The percentages of private investment on which accelerated amor- 
tization was granted varied from project to project, but were high 
enough to indicate that a large part of the facilities were regarded 
as having little salvage value after the war. Of the 18 facilities on 
which private funds were used, 10 authorizations for accelerated tax 
amortizations covered over 80 percent of the private funds invested, as 
against 4 falling between 50 and 80 percent, and only 1 falling below 
50 percent. The Merck plant, only a small part of which was devoted 
to penicillin, received a low (4.8 percent) rating for accelerated de- 
preciation. 


Growth Between World War II and the Korean War 


Increasing civilian use of penicillin provided a demand capable of 
more than counterbalancing decreased demand for military use fol- 
lowing the cessation of hostilities in World War II. The result was 
that antibiotics manufacturers were willing to invest additional funds 
in production facilities. The penicillin facilities in which public 
funds had been invested during the war were purchased by the com- 
panies that had operated them at that time. These six older, flask- 
type units were either modernized by the companies or, as in the case 
of Cutter and Ben Venue, production was ultimately dropped. In 
addition, these companies and other chemical and pharmaceutical 
companies expended additional private funds in building entirely new 
facilities, or expanding capacity in existing ones. Part of this post- 
‘war expansion was accomplished by the purchase or lease of four sur- 
plus war plants, originally built for other purposes and converting 
them to antibiotics production. Amounts expended for conversion 
of these facilities are not available for all companies. 

In this last category is Eli Lilly’s purchase of a portion of Plancor 
44, an airplane propeller plant, built by the Government at a cost 
of $5,941,968 and operated during the war by Curtiss-Wright Corp. 
Lily paid $2,500,000 for part of this wartime plant and converted the 
facilities to penicillin production.!° Pfizer purchased Navy plant 164 
at Groton, Conn., which had been constructed by the Government at 
a cost of $5,285,538 and operated by the Electric Boat Co., as a sub- 
marine repair base during the war. This plant, which cost Pfizer 
$919.500, was converted to penicillin production.” 

Pfizer also leased a surplus ammunition loading plant at Terre 
Haute, called the Vigo Ordnance Plant, for 20 years at a rental of 
$200,000 per year. This plant contained 648 buildings on 6,146 acres 
of land” and is now used for the manufacture and packaging of anti- 
biotics. Merck purchased, for $862,500, a portion of the Cherokee 
Ordnance Works plant (War No. 45) at Danville, Pa., for conversion 
to antibiotics production. These four surplus plants which were con- 

9 Office of Real Property Disposal, War Assets Administration, Sale and Leases of Indus- 


SS ae and Maritime Real Property, as of June 30, 1947, Washington, p. 12. 
id., p. 14. 


#3 Office of Real Property Disposal, War Assets Administration, Plant Finder, Wash- 
ington, February 1948, p. 16. 
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verted to antibiotics production are still being operated by Merck, 
Lilly, and Pfizer. 

In all, antibiotics manufacturers purchased or leased 10 surplus war 
facilities for a total of over $11.6 million, representing an estimated 
45 percent of the Government outlay for the plants. This return to 
the Government was not far out of line with the realization from the 
overall surplus plant disposal program at that time. The Govern- 
ment had recovered, by September of 1947, for the 1,238 plants dis- 
posed of as surplus an average of just under 45 percent of the original 
cost.” 

Throughout the period from 1946 to 1950, the demand for antibi- 
otics for domestic use and export grew steadily. In 1948, the list of 
antibiotics substances reported as being in production included five 
types of penicillin, streptomycin, dihydrostreptomycin, bacitracin, 
chlortetracycline, and chloramphenicol; in 1949, tyrothricin was add- 
ed, and in 1950 oxytetracycline and viomycin were added. Through- 
out these years, the antibiotics produced in largest volumes were peni- 
cillin and the two streptomycins. Also, production of two of the 
newer broad spectrums, chlortetracycline and chloramphenicol, was 
growing rapidly. 

The Korean War 


Penicillin again became an important wartime item in June 1950 
at the time of the Korean action. Expansion Goal No. 129 (peni- 
cillin) was originally established by the Government at 250,000 billion 
units a year, but by the middle of 1952 this goal had been increased 
to 600,000 billion units a year, the target date for accomplishment of 
this output was January 1, 1955. 

Under Goal No. 129, certificates of necessity were issued to appli- 
cants who had recently begun expansion of antibiotics facilities or 
who were willing to undertake plant expansions. Facilities for 
production of chlortetracycline, oxytetracycline, streptomycin, and 
bacitracin were authorized as well as penicillin since, as explained 
by industry, these facilities could be readily converted to penicillin 
production in the event that the war situation demanded it. 

Under this program, the Government authorized the expenditure 
of over $110 million in expanding production facilities of penicillin 
and other antibiotics. This expenditure, all by private industry, rep- 
resented 0.3 percent of the total defense expansion program. Nearly 
57 percent (or $62,796,416) of the antibiotics construction was ap- 
proved for rapid depreciation. Certificates of necessity were issued 
to 16 companies covering 35 plant alterations, conversions, or expan- 
sions. Fourteen applications under Goal 129 were withdrawn or 
denied. In all, 22 plants were modernized and expanded under this 
program. Table 4 lists the antibiotics facilities authorized under 
Goal 129. 

143War Assets Administration, Report on Government-Owned Industrial Plants as of 
September 30, 1947, April 1948, pp. 5 and 9. 


144 Defense Production Administration Directive dated June 30, 1952, entitled, “Expansion 
Goal No. 129’; Defense Production Administration Release DPA—388, dated July 14, 1952. 












































ee ey ee ee Oy eg a, Peet ee an he SOOTY Ir pee ee e961 ‘TZ “Ady | te6t‘2ze Ane | egzet |--------TTT ‘oBeoryD YIION 
; ; Be ee ee ee OR a, Ae dees een, eee, ON Sade te aT ee ee hen ber cay ou “solg eueqiry 
oS61 008 ZZ 02 000 ‘POT TEMPO dy” er Se ee Tg6r'¢ “ues Soy oes ara INO ‘AopoxJog 
wre r eee 008 ‘ZZ ai Ee 000 ‘FOT Se Pi el nS ene en sk me osc) SO re | | eee a see eet oo ies 77" “S9Tlozieloge'T 4074ND 
& pee me ee ee. Oy — “SOTJOTQ1I9UB 
ee eg ee | ee eo ge ee a oe Ree Joy dee}s ul0D | 2961 ‘9% “Gea | IS6L‘IT une | THOT |------777-7- 7-7 TIL ‘urqed 
; Ren er le eh ee ee ee ges Seo ae me nee al Gage VEE ae pee Soe amen ear ee eed = 0D suluyeYy syonpolg ul0g 
a e961 | OOS eIzZ | OS OO Ses ake ek aa Ie a URIIOGEL: (ae? pena col ae ae pe ae S61 ‘gz “adeg | geupt |----< o-oo od 
iS) G26T | OO T6L £9 OCCU aie Wie pe as aa fees ie? oe gee cee TH MOTae gd a7 arse ese IS6l ‘0Z “Je | «9TgG. ----------- = og 
< TS61 Q0€ Tes s9 000 OSE i +a Be lee ee pe ee ee Opes asa "se ae oes TS6T ‘OZ ‘IVIL GI8G 0 |r-- o-oo oc 
3 Bu Leo FI gg USP Ws: ee ie Gap tO ae ee = Se ae ae ee lp eee” ae REfOVAPIO’ Gf Ths ar eee IS6L ‘ZI “uve LECCE SG? pu ‘oyney 0119], 
Z won ------ 168 ‘6S a Fare on are ade Os (elma aia asin Sig aa aa) <a ia eral Ct oath Gi aan” | car Cees ewe uae ee per re Stel oe dI0M sJUSAlog [eIoIoMIULOH 
ee. So a oN So ie awe ae SS WY cai ame ae bet ieee “dons ‘uroraed | F961 6s ouNL | e6T ‘9% “GET | Ez9BE |-~--- mm od 
“ur AUL 
7) -01d9I4S01p 
a) RMN Oe Sie Nr ess ee ee ae OL -AYIp ‘UNTOrUed | FS6T ‘8z euNL | T96T ‘9% ‘pO CoCr aa) a ak ee eee od 
a €S6T 009 S€8 Tt | $9 UOORCOEG! am me ae An ean RA wee or eae an ae Pata GOO: fo se TS6T ‘CL “Qo7 POTS |-"-"""A°N ‘osnoeiss 4seq 
° wee Oo O09 SES he te SS OOCMCSiee ie map Bk RO Pease eee pean es pl eee erage Sarr (soe ate eee Sana foe aa eel een enone SoT10je10Qe’T [OISII_ 
= ee Feo BG I 
= FS61 WhO! Gatce \g00 SY Oct OOOLEYE =? Ni tag aa PT TR Fete ieee cares UR OPOOR. ge 5a e961‘ oeune LAG yo eq ‘19}SseqO S90 
S or ee a, ee ae a rare 
ae eee OGO88S fee ES OOONAESET aa oe oe wer eae I eso nee aee "Ae Wa yg tee eee TN a er ee eee tee cea Sse” wat | eee ee sjonpolg esumloy uUvolIOULy 
<x ——————— SSS “u10AT0} 
"BU | OFL ‘209 | 09 DUOW She cae ee Se gs ee “dorjs “UNorued [7-7-7777 POOL 9G 2 4Ou) | t= GLEE “2 ean" s ef °N ‘acjoourg 
A E961 | 002 ‘F28"E | 09 QUOC LOLIS Sie Se way aa Se er Le ee | ae ee TS6T 9S “G00 | SPS |" -- BAM ‘PURIST MOTT AL 
“euTjoAO 
cy PS6I =| 946 818 '% | Shr OSGEEE TO.” Sear of Fe ts Sete Ocl stieane ee) oa ae UGG ceUMCIN, | ae V0 Fae eo ae Se od 
= &S6T 008 ‘868 ‘E | 09 OOORSOr SOL I ge Ag ee cer ees ae gag TouTpAORI4e}10TGO. |" --- 7 7 TS61 ‘IT “ues CoO TE Seer eee s AN 7 [100g ' 
a Sanne :(O[1epe'T 
iS ee a ORL FyS GE pee OSU Me cai ee gah co OM ee ye a oe Foor ea aay | ape oe a ee Snot eoak eo fos e Saas ‘0D «=6prueuesQ) «= ueoIomy 
Sia «Se Gia eal | gis ae oo oan PRS Nes ee oe ae pee ee EU MORWO len ea es een gates 2 C961 ‘OT “290 | cee‘ “Ady LOGICS | lent cade OLE oo AD oi od 
CS61 992 ‘82 cy F10 £82 Pe Olid hes ie a eC her ae ee ae eee cn ‘SU GOLG eal Sas > oe a ae 0d 
S) E261 | OOF ‘16 09 DU0ne ES Ba a STB ee a | ae ce TOM se ee BCE SL Ae (eet a ee IT ‘os8oryO YON 
= ee Be eee 
os OB Rae aaa 999 "690 “1S [te>=== c=" iO ogi ae ee eeneee Caer seca eae ce eingags Gf ae Ol eee eee oe ree aera Sor1ozeloge’y 330qq,V 
oe) ern an eee ae 
A 0198219 
SS) (e904) uc13e213 +«‘|-1ome xe soin} oTO 8881048 woronpolg UMBIPYIIM ‘ON 
& peqo,d -lowe xv} | prdviiojy| -tpuodxo 10 esVeyoed JO petuep e1ep 01780 SOTITTIOV] JO 
-m00 pidei ic} |poaoidde} poezjiouyne mo eorjdde ucTyvor,dde -ydde | uomvooj—jueordde jo omen 
serqpoed | peaoidde | (yu0o10d) [220.L ViL-NO VI-NO VL-NO 
qunoury a1ey Aqyoey Jo odAL 


3 en 


58 


$S-0961 Gut.inp p 


az140YInD sanyion) soOlgQuUuy—F ATaVL, 








or) . 
1S apne 81483 JO pus 3B Sej0400] 98g 
Pee Sg ar ee aa re Spine Sema oe a TOT G ASS (UPL Par |e pores ae ante ee ge VPRO SS CUCL G6T 6-190) COCSG aa ae od 
*ouTTO 
2 -£981401 AXO 
‘a10Am101d9.148 
s yS61 00¢ ‘ser ‘T | 0¢ OOOMEGoner Als see tet , Sopa se ee IS6l ‘It oune | welt |-------o none 0 
iS 2961 ZOT ‘282 9 Caeeo teas saree oe gen ee ree ere an a marr es Sea] cemr nce ope OCBT 6S ed 4 Spek ozo ees ONE coin 
= Bon ae 
A ‘u10 £010 9.48 
‘ur[joraed) sts 
is Sepateiye  Blicae He dIUvSIO 
mar ee cies ae Aenea Dies oer coat ee per gieemn inte hee ae q SoMOTqHUY | CoG 6 “3deg | TS6L ‘OL “Sel | ZOPIL. [ott ttt “0 
eB PS61 F6E ‘L9L F | 09 LEO CU OMM ei da Bae i a Cee eae oe Raila aa a eens IGGL Sc Sule) “Geette yet --0 
= -£X0 ‘UJOATIO} 
= Fe61 18 ‘O10 “¢ | 9 CLE BOL NG FRE ea ee “dos ‘uyypoyueg 7-7-7525 5" 5- OC6T 2S “8 fF 4EAT a UWU0O ‘10401 
Z, Eu dE, PYOPOO Ds oa CUGCCORD EL ae ee Coraline a amen’ cmeeath ss Suen Gy Nr alr wenn ee es Se ge oul “OO H lezUg *seyo 
SS EY) a So > oa | ee a: ER Pe ea he nets ee, TS 
eee EE oN Ge eee SOV al 7] COOE Ob) AA | GOR VE AON OO ae ee LIN SC aeRON 
ee OR ibe. Binet A gah Se for eR a a ae ; : Gy et Ga pene cnt Slams 4 Age CO Og enone ah gs 
co) ee ie EE || alone RIES | 5 SIP WES cel U ‘S—uomed | ce6t Fo “390 | Ig6r‘8 UNL | 89POT [777777 QOL ‘10139, 
2961 009 ‘%88‘% | 09 000 ‘126 ‘€ JoorueydurwlopyO j------m 1GGE OSC 9) GF86 © eS ea QorAL ‘PuBllOH 
cn on eae eed 
ra mia OCOF CSE. NPR Fa ODORIIGEE MP Spee = inane Ngee eo pa aar eRe >| PMO CARE LTE ead a peonn ee ese heen vee werngey here ane oar p| AO ee pS ie 0D » STAB ‘oxIVY 
Z S61 00¢ “8% o¢ OOUUG® Sinenee sear SAEs ara Ss tae UUMOMBO a aa ae RPE Renae ane IS6E GE BeLs| AOE Ree ACN ‘2 UALGOOIg 
See. eee ee a arte oS. 5 Bate Ro eae ‘OD SUTIN}ORy 
Bn -heaiee Sh WUGISh ty, Plates 5.4 000 *26 Bene iret cor cee a ees greene eer ct rte asl es eee An orcas | (andi A Na lis Ge | te “nusyy [BoTUIEyQ foooaoNn 
et See ee et eee ar a ners ZI-G UlUIVTA| TS61‘“6T “AON| IS61 ‘FI UNL | SPIT [7777777777 SSBIAT “34010A 
a 2961 000 ‘ezz 09 SLE Ge i aia i i a 8 (Na a cn (a ae ORR Tie ase a arate te TS61 ‘ZI euNL | 7ZZ9L Snare i ILL ‘oywestO Py 
"9} CT pou19} Uy 
A TS6T | 002 ‘OF 09 OO esac oy eke i ee ee en ‘oorueydureropyQ |7-7 7777 TOOL CL OUDEL) (Oia se “od 
= PS6I | 000 ‘26h OF OOOM Cale Be os Monsen io eo TBC JoormoydureropyO jommo- ome WRGT 86 “ABINGS | FOTO. yes OW ‘smnoT “48 
AH ‘ ‘ ‘ - 
2 aan Seek aba Oz S00, aie te 7s CORCOOMON baea. Men Uh eee ae ee eee ale ok eee OR a WN Ae, Scere ak Gi RRs eRolng = = OD [RoTUIEYO OJUBSMOY[ 
ee es ——————— “UTT[10 
Zi -jued ‘ujoAur 
Ey -0}09.14S01p 
© S961 | 000 ‘66r B on ‘866 . Rae ee ee ten ee COO MOOG Pat x ee Wed oes SOC E. OUNCS) SOUT ae et ve ek od 
a 296 | COP ‘ETF | 0 Cee Rk me nee Reese hiner Ova teeter eae ae TIO P Cd [5 Fe EGS WEAN oe Cbg alee e780 oe ed “oyAund 
o Pete sais. aR ery ane AS Beek Ne tNe Ob ee eee ec le a eene eo ee ral 
ea ae soy OOF 260 Po) 000 “288 “2 pert Seekny al " ake aie eee oe rae cers ae SR Se Loe PES eet aE Se “0D ® FIO 
———— ee “UTDAUIO4 
5 e961 | 009 ‘99% 8 | 08 DOO ACTORULG I Sears nae tonnes ilinen ares oo Naas -Goays “uypporued, |=-77 7777777 TOOT ES ARIAL |< 0808) (STS tT puy ‘eqjoSeyerT 
eS €S6I | O80 ‘862 gg OOO CEO allaceues rut ee eel a ee OOS Nie peels Ca? Clb sc NEY Cl Ve8Oh eo od 
fy "I-@ UlUIeyA 
Z, pues uloAu0} 
a ZS6I_ | 000 ‘946% | 09 Q00MONGiy: Klasse kg are ae reer pe ECS ae -dorjs “UyoyUed j---- oo TSGTSOE TRIAL LE POUGR Yeo e pul ‘stpodeuvypuy 
a es a ie C00 en anes le ha eign Gi ore iy Saisie Gh Label” oid Sie ak GOs 


ECONOMIC REPORT ON ANTIBIOTICS MANUFACTURE 


60 


“OUT[OANV.I}O}IOTYO 0} ZUT}V[9I WOTJONI}SUOd JO UOT}10d O4I—O08Z‘EST ‘S$ 10 (O00‘ZIL‘T 


“OS6T “UONVZTIGOT esMoJoq{ JO S9YO oY} Jo Sp109e1 WO poptdu10g :00.mog 
“@S61 Ul MOSOIYIVIT UO WIM peso ¢ 


"€96T ‘T “00d UO “d4 


OD [BofuIEyYO UspAVH W101 poseyoing zg 
I$) WOT}ONIYSUOD [8,04 OY JO YUedIEd FF 071 Solfdde o4eI SIQ.L 1 


ee a ee ee Pe 















































a at eines OTP OGL "29 |---| BIS 088 OTT)" "noon n nnn alan tenn nen en nenncne nn nnnennann nen ncnsne| anne eenen enn nns lan enna nenennene|aasneanees ee ee eee, 
Cg61 698 ‘SLT OL CC SA I a hea" ati cee la cc uloraed |--"""-~ rege teeriaa [SOL “SS ARE | 2o6R) == | P20 res iN Poe ae 
zh cei kks § 
ooo ages 69€ ‘SLT Tet = Sea 0G Rt ee I eo feo i tl fe eee een | oP eRe aaa Sha Fe eae soar asein Seamer ag han | ore. e Ey RO MIRCU GIEIOL A: 
*Yo.1Besel 
Pere ae ae Se ie tae ee ee TOWING er er de el Leen Te. Say Tegtee “BAY |2 Cigpe ize rere sat2= 22-469 ¢7 
“SoT{OTqT Ue 
PS6T | 00 ‘ZeL‘T | O¢ MOI ea eae oe ee JoyyO ‘uyoydeg |------- oom IgGl ‘Or Avye | deze [ero Worl ‘oozeureley 
a cas =F OOS CELT fT] 000 BOF BPO m Troon foe nnnn nnn n nnn nnnns monn nn ara n nnn nrann an | eoensnnnce nen en|anecnnnnacennan| onan nonnee pr rreneest@ "00 Bqeidn ong, 
———<— “CI-, UIUIVyTA 
‘UTDATIOY 
Pe lida eee teen DRE Rat octte ss Street ce dors ‘U[orued | Ze61 6% “490 | 1961 6 TOOT SSOrk te [zeig ‘omneg ors 
ecé6l 000 ‘200 ‘T | 09 AL IG aid gh ie A a aid i oe ahaa Tp Rea ads Oe tals, ho cre a CIOL NG; Gente QOeeE.- | ry! ee od 
Scél 98h ‘099 '°% | 09/SF Coeig at Ngo eee ee ee rr enn ee saa | Saal sat alii IO We OO h LGeghe Ane ta or eee od 
ZS61 002 ‘810‘T | 09 RC ier aes gee rd Ce ee oe me ge anee ome ae CPR raro ree yee IS6I pr ounf | gggIt |” od 
“UIDAUIO} 
TS6I ze ‘%80‘S | 09 DATAGA 2 A | Sia lerciaa til Ta  a “otis “Ulppfopleg - |r - terre reccta== OS6I*2E “Oe | 0%Z “"""¢°N ‘yormsunig MoN 
Pe ee SEs — *(UOSoIqIBe IAT 
ear Sis mee kee ere | ag af eR ey pone es eer sarcceenas begetensr= thn cn] Le oreemensnerar|seeonaser sl Oe eEOe pCaIODE CSE 
“uO ATHIO} 
S261 | £29 ‘OZT 99 See teen tee te ee he ay eer ee -doxys “uypyoyuad |--------o mo TSGE Ob Ady") grog fr PUY ‘SInqoouelMe’T 
SSaetSre= €29 ‘OZI PERE H ENT OG OCT ue fe ee ee re ee eee Ree aren a= aes srr > "| SEAOTET CporIp MOG em PAO LUCTOG 
SS SSS SS ‘CI-E 
UlIUMIYIA ‘UIDB1} 
Se ect Gane cro ne Gaocstic kc a eee “Powq “UNOUed | eget S “990 | eg6r‘zt ounc | t660c_ |--~-~---@a ‘2 BIUdIopenUd 
Sees eg ce ee pare ee pete Ceara Se oer eA See arenes Scenes Ses eeeS slo see es oan aen ems ene Sse -sa| ods seer nsasetae Gwopupnsss | semen oul ‘SetjsnpuUy J9yo1[qng 
“‘queuetddns 
Pe ae a te We ht cs bg te peg “ovpeuoey, | 2e6r's Arne | 7619s “qeqd | OBL8E 9 |---- 7777777777" 
*9UT[DANBII91 AXO 4 
: co aaah | aida a alata ii a at a aa ae SW AUIOMOIG: [oA seoreos2 se Were “ep. Grane [ater pu] ‘eInvy e110, 
TS6I 0L2 “182$ g9 VOL ZEP$ 8 br ‘WoQ—ouy “0 P 1020 “SUD 
mOTze2Z14 
(a894) WOT}8Z12 «= |-10NIB XB sein} 1010 938104S Hoyonpoig UMBIPUIIM ‘ON 
poyaid | -10ouIe xe | prdei doy | -tpuodxe IO osu ye g 10 pviuep ayep 01489 SOTIT[IOVJ JO 
-m100 pides Joy | poaoidde} pezrioqyne moeoijdde uoreordde -[dde | Woryeo0[—jusoT[dde jo amen 
SoMIOey, | poaoiddes | (gyueo1ed) [830,.L ViL-NO ViL-NO Vil-NO 
yanoulry 278Y Aypovy Jo od AT, 





PENUNUON—PFe-OS6T Suinp pazLsoyIny sayywond soyolIguUy—P XIAV, 


Ne ee a ee ee ee 


INFLUENCE OF NATIONAL DEFENSE ON ANTIBIOTICS INDUSTRY 61 


Highlights of Government Emergency Program 


The penicillin program was launched during World War II with a 
total Federal expenditure of about $13 million (of which about 
$7,577,000 was for plants and the remainder was for research and re- 
search materials),** and an expenditure by private industry of about 


$22,600,000 for plant and equipment. About 65 percent ($14,500,000) 
of the private expenditure was allowed for rapid tax amortization. 


Antibiotics were sent abroad under several foreign assistance pro- 
grams, The first shipments of penicillin began in 1944 under the 
lend-lease program.’® Later, about 5,000 billion units of penicillin 
were distributed to war-devastated areas by the United Nations from 
United States stocks.17 These shipments began in 1946 and included 
some streptomycin which was needed because of an alarming increase 
in tuberculosis.!8 

The United States also arranged through the United Nations for the 
export of 7 penicillin plants, each designed to produce about 50 billion 
units of penicillin a month. Plants were sent to China, Czechoslo- 
vakia, Italy, Poland, Byelorussia, Ukraine, and Yugoslavia.?® 

Government inducement in the form of tax incentives as well as 
public financing was used to overcome industry’s hesitancy to invest 
in penicillin facilities during the early development stages of World 
War II. This was a period of trial and error in production methods, 
and production units in some cases became obsolete before they were 
installed. When submerged aeration was developed, earlier wartime 
installations of flask-type equipment became obsolete and the use of 
huge fermenters was adopted by all manufacturers remaining in the 
industry. If the anticipated chemical synthesis of penicillin had 
become practical, another round of plant replacement would have 
occurred. 

In authorizing accelerated tax amortization, the Government recog- 
nized that if the chemical synthesis research program was successful 
and this process became practical, another round of plant replacement 
would have occurred. 

When the Korean emergency arose, some antibiotics producers al- 
ready had commenced plant expansions. These expansions were com- 
pleted and others were undertaken with the aid of certificates of neces- 

4% This total does not include funds spent for research by Federal agencies. 


16 James Phinney Baxter 3d, Scientists Against Time, Little, Brown & Co., Boston, 1950, 
p-35t. 

17UNRRA: Report of the Director General to the Council, Summary of Operations, 
November 9, 1943, to December 31, 1947, Washington, 1948, p. 283 ff. 

18 George Woodbridge, The History of the United Nations Relief and Rehabilitation 
Administration, vol. I, Columbia University Press, N. Y., 1950, p. 438. 

12U0NRRA: Report of the Director General to the Council, Summary of Operations, No- 
vember 9, 1943, to December 31, 1947, Washington, 1948, p. 190; George Woodbridge, 
The History of the United Nations Relief and Rehabilitation Administration, vol. I, Co- 
lumbia University Press, N. Y., 1950, p. 439, 
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sity and authorizations for rapid depreciation writeofts similar to those 
of World War II. Thus, the industry responded rapidly by expansion 
with private funds invested under favorable conditions, and public 
funds were not needed for plant construction. 

A further dissimilarity between the World War II program and the 
Korean program is found in the portion of the expanded facilities on 
which the companies were authorized to take accelerated depreciation. 
During World War II, most of the facilities were regarded as having 
little salvage value. However, wartime capacity to produce continued 
to be needed and expanded to meet civilian demand. With this ex- 
perience as a background, the Korean program was carried on under 
the assumption that there would be a substantial postemergency de- 
mand for authorized production facilities. In 1950-53, therefore, most 
of the companies were granted about 60-percent writeoffs; that is, they 
were allowed to take rapid depreciation on only about 60 percent of the 
total cost of added production facilities. 

The steps by which this was done were as follows: After determining 
national defense needs, the Government established a procedure by 
which companies had to apply for certificates of necessity in order to 
obtain scarce materials for plant construction. Penicillin was estab- 
lished as a miltiary item both in World War IJ] and during the Korean 
action. When the Government reviewed the applications for certifi- 
cates of necessity, it also determined what percentage of the proposed 
construction was “defense related” and what percentage would have 
postemergency value. ‘The percentage declared to be defense related 
was allowed for rapid (5 years) amortization for tax purposes. 

Antibiotics accounted for 0.2 percent of the total authorized defense 
plant expansion in World War II, and 0.3 percent of the authorized 
expansion during the Korean war. 


National Capacity for Production in Emergency 


The production capacity for penicillin authorized by the War Pro- 
duction Board during World War II was 300 billion units per month, 
or 3,600 billion units per year. It was assumed that this volume of 
penicillin would be greatly in excess of normal peacetime require- 
ments, since toward the end of the war (July 1944) 88 percent of the 
penicillin output in the United States was going to the Armed 
Forces.” In fact, however, this did not prove to be true, for the in- 


dustry continued to expand by the expenditure of private funds from 
1946 onward. 


* Memorandum from Drugs and Penicillin Facilities Unit, War Production Board, to 
Tax Amortization Branch, War Production Board, dated July 8, 1944, records of the War 
Production Board, NA, RG 179, Washington. 
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By the time of the Korean war antibiotics had become a peace- 
time requirement and the war situation again made it necessary to ex- 
pand production if civilian consumption was not to be curtailed. The 
goal of 600,000 billion units of annual output was met and the pro- 
gram was closed in 1955. 

The present annual capacity of antibiotics manufacturers far ex- 
ceeds the 1955 goal, and exceeds also the total output of antibiotics in 
any year. A survey conducted by the Department of Commerce in the 
early part of 1957 ** discloses that maximum annual penicillin capacity 
was nearly 804,000 billion units, or 34 percent above the capacity 
established in 1955. Table 5 relates maximum capacity for output 
of leading antibiotics to actual production, and shows that industry is 
prepared to provide for emergency needs. The 1956 output ranged 
between 37.9 and 70.5 percent of year-end capacity. 


TABLE 5.—Antibiotics production capacity and output: 1956 
[In billion units (BU) and metric tons (T)] 


Antibiotics Maximum an- Actual Percent of 
nual capacity ! production 2 capacity 

Pe dane mem M ater Pye Ses ome EN ee eo Ct dae eh 803, 900 BU 557, 528 BU 69. 4 
TBST SY OUTS ee Oe Ak pee Der aa ad ae se ea Te ete 956 BU 534 BU 55.9 
Streptomycin and dihydrostreptomycin____._-___.-_-_-- 412.3 1 290.8 T 70. 5 
IN| SODA CH shel res A SE we LI Oleg Rape ate 1G, a WoO 46.9 
EHO, 1O Cli tecean erate Ek yh ON aes Pp eels are Na, ee ek 23.2) TS 8.8 T 37.9 
PROG Cie lila Ome sete ce em te eet a eS ea tenes Bue 205.0 & 99.8 T 48.7 
OIE TS iste ee ee er ns eS ECs a es eee 839.9 'T 499.1 T 59.4 


1 Source: Department of Commerce, Business and Defense Services Administration Survey, BDSA 
Sate 355, ““Producer’s Report on Antibiotics Capacity,” dated Feb. 15, 1957, Bureau of the Budget No, 
1-5701. 
2 FTC data request, 1957. t 
3 Antibiotics made by 1 company only. 


This table indicates that the industry had substantial percentages 
of capacity over production of antibiotics in 1956 with which to meet 
an emergency increase in demand at least 30 to 60 percent greater than 
the output for all uses in 1956. These figures, however, should not be 
taken to constitute an absolute limit on the production of any specific 
antibiotic in an emergency since there is considerable flexibility in the 
utilization of some of the production facilities. As noted at p. 118, 
fermentation equipment is “amazingly standard. Therefore, it is gen- 
erally possible to shift such equipment from the manufacture of one 
antibiotic to the production of a different antibiotic. 

Antibiotics are among the essential materials stockpiled for use in 
case of an emergency. Purchases of antibiotics by the Armed Forces 
Medical Procurement Agency for both military use and for civil de- 
fense stocks totaled nearly $8.5 million in fiscal year 1955 and nearly 

21Department of Commerce, Business and Defense Services Administration Survey, 


BDSA Form 355, ‘“‘Producer’s Report on Antibiotics Capacity,’ dated February 15, 1957, 
Bureau of the Budget No. 51-5701. 
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$7 million in fiscal year 1956.2? Since these figures do not include 
either local purchases by military units or purchases for veterans’ hos- 
pitals and other Government medical centers, the expenditure by the 
Government for antibiotics was actually considerably larger. Gov- 
ernment spending is not, however, a large part of total spending for 
antibiotics. 

In addition to Government stocks, inventories of antibiotics are 
normally maintained by manufacturers. Company responses to the 
Commerce Survey mentioned above indicate that the manufacturers’ 
inventories were running at about 33 percent of output in 1956. 


22 Special report to the Federal Trade Commission by the Armed Forces Medical Pro- 
curement Agency, 1957. 


CHAPTER Iil 


Antibiotics Production and 
Manufacturers 


It is the purpose of this chapter to show the output of the different 
antibiotics substances at the producer’s level and to relate this pro- 
duction to the mannfacturers indicating their market shares and 
related economic problems. While the manufacture of antibiotics is 
referred to as an industry in this report, it is, in fact, a part of the 
larger pharmaceutical industry, and, in all cases, each individual pro- 
ducer of antibiotics is also a producer of a wide range of other prod- 
ucts. Accordingly, it should be recognized at the outset that data on 
the antibiotics segment of the pharmaceutical industry, or of a firm’s 
business, are not readily available on a separate basis. 

In the development of the antibiotics industry, the work of produc- 
tion has been undertaken in the main by old well-known chemical or 
pharmaceutical houses which had experience either in fermentation 
technology, manufacture of medicinal chemicals, or production of pre- 
scription medicines. The operations of different producing companies 
present varying degrees of integration from the production of raw 
materials to the marketing of the finished product. In this chapter, 
the principal emphasis is placed upon the production level. 


Antibiotics Production and Marketing Levels 


The four levels of operation discernible in the production and mar- 
keting of antibiotics are as follows: 
1. Production of chemical and other raw materials 

A number of the antibiotics manufacturers produce some of their chemical 
raw material requirements, and others produce none of their raw materials. 
2. Manufacture of bulk antibiotics 

There were 12 manufacturers in 1956, of which 2 were dominant in terms 
of volume output of antibiotics. 
38. Processing and packaging into dosage or other finished forms 


All of the 12 manufacturers engage to a greater or lesser extent in this level 
of operation. Outside packagers purchase some types of antibiotics in bulk from 
the industry and compete with the manufacturers in Selling antibiotics products. 
The manufacturers also purchase some types of bulk antibiotics from each other. 
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4. Marketing 

This level is engaged in by the 12 manufacturers in differing intensity in 

each of the four principal segments of the market : 
(a) Doctor’s approval. 
(b) Pharmaceutical and cosmetics manufacturers. 
(c) Other antibiotics manufacturers and wholesalers. 
(ad) New markets in agriculture. 

At the first level (production of raw materials for antibiotics man- 
ufacture), some of the antibiotics manufacturers produce some of 
their chemical raw material requirements. The members of the in- 
dustry which manufacture chemical input requirements may enjoy 
a competitive cost advantage within the group. The list of chemicals 
used during the production process is extensive and varies substan- 
tially between antibiotics. 

At the bulk manufacturing level, there is specialization in certain 
products, particularly some of the broad spectrums, from company 
to company. Additional comments about the characteristics of this 
level of the industry will be found later in this chapter. 

At the processing Jevel, it has been the general policy among anti- 
biotics producers to sell part of their production in bulk to outside 
packagers who compete with the manufacturers in the marketing of 
medicinal products containing antibiotics. The turnover rate among 
these packagers, however, appears to be relatively high. In 1956, 
45 nonmanufacturing companies advertised medicinal forms of anti- 
biotics in the Drug Topics Hed Book as compared with 27 in 1950. 
The number of nonmanufacturing packagers listed in the Red Book 
for the years 1950 to 1956 is as follows: 


Number of non- 
manufacturing 
packagers of 


Year: medicinal antibiotics 
|G) 5) li pe: gh Rl deg ae aun als Ware Bp en lng wa: reer De) pet 2¢ 
UNS Di ees, ee aa ome Me RTT Ry Rie earners, Sie ee 26 
OS ede ct SiN Ext) Uy oy Tho AR Te Ce eee Oa Oe ee ee 29 
HOO Oe es he Pe Sk ek el ee a ar ee, ee, Se 33 
EO erent: on ee ok ak Neh oe ot cee ee a ie eee 30 
LUIS DS 1) ee ree Se are a ans See aeK a EN eA ONE EE) oo 37 
JN Sic ig eae NR LL al a ite NOR NE ta Bing Cae Mater i 45 


While the total number increased from 27 to 45 during the 7 years, 
the companies making up the total changed rapidly. Seventeen of the 
27 companies advertising in 1950 had discontinued publishing prices 
for medicinal forms by 1956, Thirty-five of the 45 companies in- 
cluded in the 1956 listing had entered the field after 1950. The rapid 
turnover indicates that although competition is particularly keen, 
the packaging business is relatively easy to enter. 

Antibiotics manufacturers who supply bulk substances to formu- 
lators of industrial and agricultural products ordinarily produce no 


1 Topics Publishing Co., Inc., New York, 1957 and 1951 editions. 
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directly competitive industrial or agricultural product themselves. 
When an antibiotics substance is sold by its manufacturer for other 
than medicinal use, it may not be identified with the company’s ethi- 
cal [prescription] drug operations. 

At the marketing level, the most important segment of the anti- 
biotics market as a whole is the doctor loyalty market because this is 
the market in which ethical drug houses necessarily operate. This 
market is considered rather inelastic with respect to price. The con- 
sumption of medicinal antibiotics is controlled fundamentally by the 
incidence of infections for which they offer effective treatment and 
by prevailing medical practice. Each antibiotic competes primarily 
with other antibiotics. The physician selects the one which he regards 
as most effective in treating the illnesses rather than on the basis of 
price. The patient exercises no effective choice. 

Two factors which have characterized the industry durine its 14- 
year growth (1943-56) are specialization and innovation protected 
by patents and trademarks. When a company through its research 
efforts can find, patent, and market a new and popular antibiotic, it 
has secured a distinct advantage for a time. All the advantages of 
specialization are automatic because of patent and trademark con- 
trols over manufacture and sale of the product. Production and 
marketing facilities can be pinpointed. 


National Output of Antibiotics, 1948-56 


Antibiotics are produced primarily for medicinal purposes, but 
animal feed supplements and other minor uses have grown in im- 
portance since 1950. The total national] output of the leading products 
for the years 1948 and 1956 is shown in table 6. 


TABLE 6.—Output of leading antibiotics and percent to total output: 1948 and 1956 


1948 1956 
Antibiotic 

Number of | Pereent | Number of | Percent 

pounds! | oftotal | pounds! | of total 
TESS INITNC 2 te ee a ee 155, 873 64.9 | 1,059, 704 34. 4 
SUNG OCOMN Clizaaem mee see ae ate, ere Sree on See ee ee 80, 737 33. 6 148, 999 4.8 
Dilly arostreptomTy Cite. ste ee Se ee ee 2, 989 1.2 492, 173 16.0 
Siilornbetracycline teas ww ee ee ee Lee eee ee 661 583 560, 663 18. 2 
PIXE OLE ACY CHIN Oe ae one oe ee eR aia RN ce Meh te i he RE ty eR eg aca ae 324, 614 10.5 
IN OUTER ERG NTN. cL peas, Spe gr ed A a, SI et lil a ee Ra el ae eral | i ea 220, 074 7.1 
ihtlonammplenieole 255 ee he ae. BO tenet eae 46 (?) 85, 408 2.8 
VU MTOM Y, Clits een seen oe ee ee SE Bee eee [a J ea le 70, 913 2.3 
PARO GM GH Sinn eee fly le eas sl Lee a ie Be ee 26 (?) 118, 825 3.9 
STR Gey emcee eee ee Re ons MeL ee Oc, at 240, 332 100.0 | 3,081, 373 100.0 


1 Penicillin has been measured in international units of potency. Louis S. Goodman and Alfred Gilman 
The Pharmacological Basis of Therapeutics, The Macmillan Co., New York, 1956, p. 1239. Jn this study 
conversion to pounds is done on the basis of published potency ratios. (See appendix III.) ‘These ratios 
vary from 1 penicillin salt to another, and do not always conform to the ratios used by the Tariff Commis 
Sion in its annual reports. 

2 Less than 0.1 percent. 


Source: FTC data requests, 1956 and 1957. 
471425—58—_—-6 
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By 1956 animal feeds represented over 27 percent of total anti- 
biotics output. Table 7 lists the kinds of antibiotics used in animal 
feed supplements and shows the percent of production of each to total 
feed supplement output. 


TABLE 7.—Antibiotics produced for animal feed supplement as a percentage of 
total output for feed supplements: 1956 


Number of Percent of 


Name of antibiotic ounds total output 
manufactured for feed 

supplements 
Renicitintprocdines. ott ee Pe re SS ea ee eee eee 173, 455 20. 5 
Binep tomy Cline 2 Fe ta a ce RN ae a a ara er ee Ors 8, 250 9 
TRAGTERAC HIN ee com te Rede Fete a A heer ee SME Dy Sac a et pC Oe 21, 104 2.5 
@hioretracycling:. 2.2 eae ee a ee ee eee 465, 197 54.9 
Oxvietracy cline S35 . Sa 8 a ee I ee ee Ee eee 179, 190 21-2 

ANG OM. Clie. tec ae on eae ree sea NE, ene, Phe SULPNS SA 2 i ee a 29 (4) 

“ROtal ss tee oh eee et ee on EN ee ee en ee 847, 225 100.0 


1 Less than 0.1 percent. 
Source: FTC data request, 1957. 


Chart 1 lists all of the antibiotic substances that have been produced 
commercially together with the periods of production from 1948 to 
1956. 

In chart 2, total output of major antibiotics by grade is shown for 
the year 1956 and the proportion of each which was manufactured for 
animal feed supplements. On a quantity basis the most important 
antibiotics are penicillin and the streptomycins, but chlortetracycline 
outranks all other antibiotics in the feed supplement field. 

Chart 3 shows the growth of total volume output from 1948 through 
1956. While by far the greater part of the production is of medicinal 
grade, the rising importance of feed supplements as a part of total out- 
put is also shown. Production for agricultural uses, such as in crop 
spraying or in food preservation, appeared for the first time in 1956. 

Penicillin, as shown in table 6, represented nearly 65 percent of total 
output in 1948; its share of total output in 1956 was 34.4 percent, but it 
was still manufactured in almost twice the volume of the next ranking 
volume item, chlortetracycline. Penicillin output increased from 
92,947 billion units (BU) in 1948, for 5 different kinds of penicillin 
salts, to 557,528 BU in 1956 for 11 penicillin salts. In 1948 procaine 
penicillin accounted for 36,140 BU of production (38.9 percent of total 
penicillin output) and in 1956, for 353,781 BU (63.5 percent of total 
penicillin output). Procaine penicillin was the only penicillin used in 
animal feed supplements in 1956. 

Chart 4 shows total output of penicillins in billions of units for the 
years 1948 to 1956, inclusive, and also the relative importance of 
procaine, potassium and penicillin V production to total penicillin 


output. Penicillin V, significant as a new oral penicillin product, 
was first marketed in 1955. 
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Years in which each Antibiotic was Produced 


I948 -1956 
PENICILLINS 


TRIETHYLAMINE 
CALCIUM 
POTASSIUM 
SODIUM 

PROCAINE 
ALUMINUM 
EPHEDRINE 
DIBENZYL 
1-EPHENAMINE 
"O" POTASSIUM 
BENZATHINE 
CHLOROPROCAINE "0" 
Hye 

"V" BENZATHINE 
"v" POTASSIUM 
"Vv" HYDRABAMINE 
“o" SODIUM 


OTHER ANTIBIOTICS 
STREPTOMYCIN 
DIHYDROSTREPTOMYCIN 
BACITRACIN 
CHLORTETRACYCLINE 
CHLORAMPHENICOL 
TY ROTHRICIN 
OXYTETRACYCLINE © 
VIOMYCIN 

NEOMYCIN 

POLY MYXIN 
ACTIDIONE 
ERYTHROMYCIN 
FUMAGILLIN 
CARBOMYCIN 
TETRACYCLINE 
NYSTATIN 
ANISOMYCIN 
CYCLOSERINE 
AMPHOMYCIN 
OLEANDOMYCIN 
NOVOBIOCIN 
CANDICIDIN 





a 


——————_$_— OS NT 





1948 1949 1950 195! 1952 1953 1954 1955 1956. 


SOURCE: FTC DATA REQUESTS, 1956 AND 1957. 


CHART 1. 
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Production of Antibiotics by Type and Grade, 1996 
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SOURCE: FTC DATA REQUEST, !957. 


CHartT 2, 


Streptomycin, the second major type of antibiotic to be developed, 
was first manufactured at the close of World War IT (1946). From 
an output of over 80,000 pounds in 1948, production declined to 38,686 
pounds in 1951. But by 1955 production had reached 154,415 pounds. 
Streptomycin was first used in animal feed supplements in 1955, but 
accounted for only 1,067 pounds. 

Production of dihydrostreptomycin increased rapidly from 2,989 
pounds in 1948 reaching a peak in 1956 when 492,173 pounds were 
manufactured. None of this substance is used in animal feeds. 

Chloramphenicol was first reported in 1948, and reached its highest 
output of 85,408 pounds in 1956. It is not produced as an animal feed 
supplement. This is one of the “broad spectrum” antibiotics, so 
called because of the wide range of micro-organisms which it will — 
destroy or whose growth it will inhibit. 
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Production of Antibiotics by Grade, 1948-1956 
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SOURCE: FTC DATA REQUESTS, 1956 AND 1957 


CHART 3. 


Production of Penicillin, 1948 - 1956 
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Chlortetracycline, from an output of 661 pounds in 1948, reached a 
peak of 560,663, pounds in 1956. Of this output 465,197 pounds, or 
83 percent, were for animal feed supplements; 8,962 pounds for crop 
spraying and food preservation and the balance of 86,504 pounds for 
medicinals. This antibiotic is called a “broad spectrum.” 

Oxytetracycline output has increased steadily from 387,948 pounds 
in 1950 to 324,614 pounds in 1956, over half being used for animal 
feeds. This is the third of the “broad spectrum” antibiotics. 

Tetracycline was first manufactured in 1953, and by 1956, 220,074 
pounds were produced. Output was highest in 1954 (270,235 
pounds). Tetracycline has not been used for animal feeds except for 
a small amount in 1955. This substance is the fourth “broad spec- 
trum” antibiotic. 

Erythromycin was first manufactured in 1952. In 1956, the total 
output was 70,913 pounds. No animal feed supplements are manu- 
factured from this antibiotic. 

Bacitracin was first produced in 1948 and totaled only 26 pounds. 
By 1956, 23,622 pounds were produced, nearly 90 percent being for 
animal feed supplement. 

Novobiocin was first produced in 1956 with the production totaling 
19,410 pounds. Novobiocin has not been used for animal feeds. 

Neomycin was first manufactured in 1951. The output in 1956 
totaled 16,925 pounds, all except 29 pounds being for medicinal 
products. 

Other antibiotics, viomycin, polymyxin, *carbomycin, amphomycin, 
anisomycin, tyrothricin, nystatin, oleandomycin, and candicidin are 
relatively minor, but reference will be made to them in special con- * 
nections from time to time. 

Increases in production have paralleled growing domestic and ex- 
port demands for antibiotics in recent years. Although production 
from 1943 through 1948 was significant, complete records have not 
been kept by the companies for the early wartime years. Therefore, 
the ensuing discussion is based on statistics for the years 1948 through 
1956. 

In terms of total volume, production of antibiotics in the United 
States increased from 240,332 pounds in 1948 to 3,081,373 pounds in 
1956—nearly a thirteenfold increase in 9 years. 

The production of new salts of penicillin, following the Govern- 
ment’s wartime program, proceeded (as shown in table 8) at the same 
time that other new antibiotics substances were being developed and 
produced. 

National output of each distinctive type of antibiotic for the years 
1948 through 1956 is tabulated in table 9. In this table, all penicillins 
have been grouped into one total of billions of potency “units” (BU) 
and equivalent pounds avoirdupois for each year. Tables 8 and 9 
show the quantity of production of all the antibiotics substances 
listed on chart 1 appearing on page 69. 
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‘The quantity of output is reported by manufacturers in different 
units for different products. In table 9 these units are shown together 
with equivalents in pounds.2 

Referring to table 8 on the production of the different salts of peni- 
cillin, it should be noted that 5 kinds were produced commercially in 
1948 and 11 kinds in 1956. Only 8 of the 11 kinds of penicillin pro- 
duced in 1956 were reported in every year shown. Since January 1, 
1949, a total of 12 new penicillin salts have been brought into produc- 
tion, making a total of 17 on which output was reported in one or more 
years. ‘Two of the five for which output was reported in 1948 were 
not produced in 1956, and four other newer kinds for which some out- 
put was reported in one or more later years also showed no output in 
1956. Thus, for 6 of the 17 kinds for which production was reported 
in one or more years of the period, no output was shown in 1956. The 
net result is that the number of kinds of penicillin salts produced 
varied from year to year, and ranged from 5 in 1948 to 11 in 1956. 

Tables 8 and 9 list 17 penicillins and 22 other antibiotic substances, 
making a total of 39 antibiotic substances, each of which has been 
produced in at least small quantities in one or more years during the 
period, 1948 through 1956. Chart 1 shows for the same period the 
years in which the 17 penicillins and 22 other antibiotic substances 
have been manufactured. In 1956, 4 new penicillin specialties were 
manufactured, as well as 4 other new basic substances, making a total 
of 8 new products reported in that year. This is the largest number 
of new products to be introduced ina single year. 


Total Value of Antibiotics at Producer’s Level 


The preceding presentations of production data on the different 
kinds of antibiotics have been entirely on a quantity basis. Further 
appreciation of the relative importance of these different substances 
produced may be gained by considering the dollar values of the prod- 
ucts marketed from the manufacturers’ own production. Charts 5, 


3 The conversion rates used are listed in Appendix III. 

3 Manufacturers’ sales from own production” (as reported on schedule I of the FTC Survey of 1956 and 
schedule IV of the FTC Survey of 1957 and as reported annually by the manufacturers to the Tariff Commis- 
sion) excludes sales of purchased antibiotics. ‘Manufacturers’ total net sales” (as reported on Accounting 
schedules I and II of the FTC Data Requests of 1957, and as discussed in ch. VII) includes sales of pur- 
chased antibiotics. A comparison of these series follows: 


ee 


Manufacturers’ | Manufacturers’ | Own production 





Year sales from own total net sales as percent of 
production (millions) total 
(millions) 
TLS ee AS ic eM an ee Oe $204. 6 $249. 2 82.1 
LES AS ere oR ao aye Re A 316. 5 344.1 92.0 
ROG Baer he Sees Sect he era. oot Stee ke 243.1 289.1 84.1 
11153 se a 2 Gy SCM oer MODY Se Ml 243.8 270.4 90. 2 
A Os ee pee eae ae A a i ie tg 263. 6 287.9 91.6 
WO Ote state eodanw ccoetocan enc antel be hee ne ce 267.3 304. 1 87.9 
LOS oe es oe ee teeta oie So matencocce nee se ak 301. 4 Solel 89.3 
a ee eee, a ee ee ee ee ee 
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Sales of Antibiotics by Type and Grade, 1956 


From Manufacturers’ Own Production 
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part A, and 5, part B, show the quantity in pounds and value in dol- 
lars of leading antibiotics sold by all antibiotics manufacturing com- 
panies from their own production in 1956, Penicillin totaled 866,000 
pounds; streptomycins, 591,000 pounds; and the four broad spectrums 
(chlortetracycline, oxytetracycline, tetracycline, and chlorampheni- 
col) 1,001,000 pounds. (Further details are presented in table 10.) 

By comparing parts A and B of chart 5, it is evident that there is 
a wide difference in the dollar values of the different antibiotics. 
The nine antibiotic substances named in part B account for about 92 
percent of the $301,400,000 total for manufacturers’ sales from their 
own production as shown in table 10. The four broad spectrums con- 
stitute about 55 percent of the total value. 

The quantity and value comparisons in parts A and B of chart 5 and 
in table 10 indicate that while the penicillins and streptomycins are 
sold in much greater quantities than the remaining antibiotics listed, 
they are of relatively lower total value. 

It should be pointed out that some of the antibiotics listed in table 
10 are sold in several grades; others are prepared only in medicinal 
grade, while yet others are prepared primarily as feed supplements. 
Dollar values vary widely among the different grades. 


TABLE 10.—Quantity and vaiue of manufacturers’ sales of own production of 
antibiotics: 1956* 


Antibiotic substance 2 Quantity Value 
(pounds) (millions) 








Sy AD KOHND G3 ie eee cae Wee te DEPRES a bee AEBE NS OR OMe a 9) aha k eth win ae We Ae 866, 000 


$66. 6 

Strepromuy.cinvand dinydrostreptomiy cites. sane ee en 591, 000 24, 2 
C@lilionretwacyie line oe eee BO ee 2 Re eee ep Ce 442, 000 Soh f/ 
OnayGOlE AG yiCHINe Sse ee eA a a Ope ee penne RE? 310, 000 36. 3 
PN CUNACW CMM Ober soe ote eon oo Sha i oer 7 2, ee te a 186, 000 72.9 
Cinloraimp iter Col Sieh fi ras et Sea ie is eek eee eg eee. ee 63, 000 22.1 
Erythromycin Sota ete ea ee EMI 2 rat ay ee RU cr 49, 000 18, 2 
EES CTE RELG Miers ta Se a vs Sc ee A ae a ol 24, 000 2.3 
PANTO IN CTS ee eee ole al a et na, 2 Net a 66, 000 25.1 
WGA com on So ee ns 2 ee ee 2, 597, 000 $301.4 


1 Excluding sales of purchased antibiotics. 
2 Includes dosage, bulk, feed supplement, and other forms. 


Source: FTC data request, 1957. 


Manufacturers’ sales of the medicinal grades of the different anti- 
biotic substances are shown in table 11. Medicinal grades total 70.5 
percent of the quantity and 90.7 percent of the value of manufacturers’ 
sales of own production. 

Animal feed supplements in 1956 accounted for 29.2 percent of the 
total quantity and for 9.0 percent of the total dollar value. Products 
sold for other agricultural and industrial uses were negligible by com- 
parison. Table 12 lists the volume and dollar value of feed supplement 
sales of each substance sold for this purpose. The feed supplement 
category of sales represent a minor item in 1956, but increasing pro- 
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TABLE 11.—Manufacturers’ sales of medicinal grade antibiotics: 1956* 








Antibiotic substance 2 Quantity Value 
(pounds) 

CNT ON aE GWNOC. ate oe ee een Ucn g en dete si cadecvaxvuLecces 56, 833 $14, 437, 180 
LP SEGUE OUT Ona aVey Es ks aes ee RAR Oak ae eee Oe ene e ae 642, 286 49, 089, 708 
Sireptomycin and dihydrostreptomiycin._..___.--. 2-5-2. --2 2-2 e eee 577, 679 28, 802, 414 
MOHEOURS CVC UNG ments BO EO be Feet pS net te he SL Seek ae 65, 864 17, 048, 929 
RAL OCEAC YC 110 Gem Smet lh ei es OI ees eRe Je Se 119, 156 29, 096, 438 
POUT ACY CHING Ss aaenaeee peee tne sae eee en Ee eae SEE Pereit  e as eee 186, 164 72, 902, 971 
SLO TEN) ME MICO memes eee Mie tamer al es ME ONT AS Coiled UO se eee 63, 305 22, 104, 529 
PERO Clie eats weap Uae ee ee eR NREL AKG we SESE. Beta Lee ee 48, 937 18, 220, 130 
Bere Ge Gee) Cl 1 seepage Oe ere ath RU ere ela a yee Le gL ee eae 4, 266 1, 557, 963 
CUD Gs 8 BS os oes Dies Oe aes PES ie Bi SOP SIC ED amet e et BER Cee ee 65, 560 25, 051, 855 

PRO cater era es. bes see. Peet, . Ae eee Le he See ee | he ek 1, 830,050 | $2738, 312,117 


1 Exeluding sales of purchased antibiotics. 
2 Both bulk and dosage forms are included. 


Source: FTC data request, 1957. 


motional efforts are being made to stimulate agricultural and indus- 
trial uses with increases in production and sales as indicated by chart 
8 and parts A and B of chart 6. 

Tetracycline, the highest value single item, was all sold in medicinal 
grade in 1956. In 1955 it represented over 26 percent of the total 
value of sales from manufacturers’ own production of all antibiotics, 
and in 1956, 24 percent. Yet, the total quantity of tetracycline sold in 
1956 is only shghtly over 7 percent of the total quantity of all anti- 

biotics sold during that year at the manufacturers’ level. 


TABLE 12.—Manufacturers’ sales of feed supplement grade antibiotics: 19567 








Antibiotic substance Quantity Value 
(pounds) 
MEPONIeTILNE DR OCUING i Stoo ae ee oe A. 8a. eee eet 166, 933 $3, 071, 881 
EEC UOMUY ClO e saeco eoo i.e aoe ee ee eee nee Ete ee eee eae een Sea 8, 250 280), 650 
A OLCEELACV CHINO es ea a Los eek feck eerie oe er aes AS ne EE eS St 371, 205 15, 795, 003 
MPa EC URAC Y CHING ee Roe a Sas ees area at eM Lol remy to oO 191, 208 7, 154, 220 
PBPACLURAC III RENEE eR Oye OE ASS nas HE ea ee oe ea ed Sl Oe La tt 19, 681 770, 175 
PO bt eras Ae AR Dk SP Ne ee I as ee ee BR 757, 277 $27, 071, 929 


1 Excluding sales of purchased antibiotics and products sold for other agricultural and industrial uses, 
2 A small amount of penicillin benzathine is included in this item. 


Source: FTC data request, 1957. 


Tn contrast to tetracycline, the penicillins represent about 83 percent 
of the total quantities of all antibiotics sold from the manufacturers’ 
own production, but only 22 percent of the total value of all antibiotics 
at the manufacturers’ level. It should be noted in this connection that 
procaine penicillin, which is produced and sold in quantities much 
larger than any other salt of penicillin, sells at relatively low prices for 
both medicinal and animal feed uses. Similarly, sodium and potassium 
penicillins, which are produced only for medicinal use, sell at relatively 
low prices, while some of the newer salts introduced during or since 
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1951 sell at higher prices.* As a group, however, the showing of 
the charts is that the penicillins produce relatively low total revenue. 

Oxytetracycline accounted for about 12 percent of the total quan- 
tities and about 12 percent of the total value of all antibiotics sold at the 
manufacturers’ level and from the manufacturers’ own production in 
1956. Asshown in tables 11 and 12, more than three-fifths of its output 
is of feed supplement grade and the balance is for medicinal use. 

The proportion sold as feed supplements had an even more im- 
portant effect upon the dollar value represented by chlortetracycline 
than it had upon oxytetracycline. In 1956, the total quantity of 
chlortetracycline was about 17 percent of the total quantity of all anti- 
biotics sold at the manufacturers’ level from the manufacturers’ own 
production, and accounted for 11 percent of the total dollar value. 
However, only 15 percent of chlortetracycline was sold for medicinal 
purposes, while the balance of about 85 percent was sold for feed sup- 
plement and other agricultural uses. Despite the small volume of 
chlortetracycline of medicinal grade, the dollar value for medicinal 
sales accounted for more than 50 percent of the total sales of chlortetra- 
cycline. Thus, the larger volume of sales for nonmedicinal uses ex- 
plains the low overall average dollar value per pound of chlortetra- 
cycline. 

Chloramphenicol has been manufactured only for medicinal pur- 
poses. Its dollar value in relation to quantity sold is relatively high as 
shown in chart 5. The relation of quantity of chloramphenicol to value 
is similar to that of tetracycline. 

Streptomycin and dihydrostreptomycin, which together are sold 
in larger quantities than other antibiotics except penicillin, represented 
relatively low dollar values in relation to quantity in striking contrast 
to all tetracyclines and chloramphenicol. Sales of streptomycin and 
dihydrostreptomycin from the manufacturers’ own production for 
nonmedicinal uses have been very small and thus had little effect upon 
the overall dollar value per pound. 

The total quantities of all antibiotics sold from the manufacturers’ 
own production, and the total dollar values of these quantities for each 
of the years from 1948 through 1956 are compared graphically in parts 
A and B of chart 6. 

The quantity of all antibiotics sales in 1956 increased about sixteen- 
fold over 1948 (part A of chart 6). In terms of dollar value, a peak 
year occurred in 1951 during the Korean war (part B of chart 6). 
Following that year a decrease in dollar value of sales took place. 
Although volume increased substantially, the total dollar sales had 
not regained the 1951 level by 1956, as can be seen from chart 6. Thus, 
while quantity sold increased about 16 times, the manufacturers’ 
revenue for this quantity only doubled during this period. 


# See ch, VI of this report. 
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Sales of Antibiotics by Grade, 1948-1956 


urers Own Production 
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Antibiotics Manufacturing Firms 


The antibiotics industry includes many of the oldest drug and chemi- 
cal houses. Such names as Abbott; Lilly; Merck; Parke, Davis; 
Squibb; Upjohn; and Wyeth have long been well known. The Abbott 
name, for example, dates from 1888; Lilly was established 12 years 
earlier. The Merck name in the United States goes back to 1891; but 
in Darmstadt, Germany, it was first used in the drug business in 1668.° 
Parke, Davis began in 1866; Squibb in 1858; Upjohn in 1884; and 
Wyeth in 1860. In addition to these old drug houses and some newer 
ones such as Bristol, Lederle, Penick, and Commercial Solvents, the 
antibiotics industry has included Pfizer, Monsanto, and Schenley 
Laboratories, predominantly manufacturers of industrial or fine 
chemicals. The last two (Monsanto and Schenley) have discontinued 
antibiotics production. Pfizer, producer of fine chemicals since 1849, 
and Commercial Solvents entered the ethical drug field after becom- 
ing manufacturers of antibiotics. 

The industry began during World War II with about 20 companies, 
and by the end of 1954 only 12 manufacturers remained. This num- 
ber continued to form the antibiotics industry in 1956. AI] except 
one of the present manufacturers of antibiotics began to produce 
antibiotics during World War II period. Penick, which began the 
manufacture of antibiotics in 1949, is the exception. Several of the 
authorized World War II manufacturers discontinued antibiotics 
manufacture during the ensuing years. Some of them apparently 
never actually manufactured antibiotics substances on a commercial 
scale. The 1956 status of these companies, insofar as antibiotics op- 
erations are concerned, is shown in table 13. 

The nine companies which had dropped out of the manufacturing 
industry by 1954 were relatively small antibiotics producers, or, in 
some cases, they may not have produced antibiotics at all.” 

The first production units used during World War II contained 
only flask-type equipment which was replaced by large fermentation 
vats by the large-scale producers toward the end, and following the 
war. The small producer or pilot plant operator could not compete 
with large-scale manufacturers. 

The following information relative to antibiotics market shares is 
based on responses to Federal Trade Commission data requests in 
1956 and 1957. Among the surviving producers in 1956, approxi- 
mately half of total antibiotics output was attributable to two com- 
panies. In 1955 Pfizer had led with about 35 percent of total volume 

5 Business Week, April 19, 1941, p. 36. 

* Table 3, p. 54, lists the Government-authorized manufacturers for the World War II 


period. 
7 See first footnote to table 13, 
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TABLE 13.—1956 status of World War II authorized manufacturers of 


antibiotics + 


Manufacturing under same 


Manufacturing under new 
ownership 


name or Ownership 


Abbott Laboratories. 

American Cyanamid (Lederle). 

American Home Products (Wyeth). 

Commercial Solvents. 

Eli Lilly & Co. 

Parke, Davis. 

Chas. Pfizer. 

The Upjohn Co. 

Cheplin Biological 
(Bristol) .2 

Merck & Co, 


Heyden Chemical Co. (Anti- 
biotics Division) (Mow 
American Cyanamid). 

E. R. Squibb & Sons (Mow 
Olin Mathieson). 


Laboratories 





Manufacturing not undertaken 
or discontinued 


Spr eine Home Products (Reich- 

el). 

Ben Venue Laboratories. 

Cherokee Biological Laboratories. 

Cutter Laboratories. : 

Emerson & Dettleback. 

Hoffmann-LaRoche. 

Merrell, Wm., & Co. (Mow Vick 
Chemical Co.). 

Schenley Distillers. 

Sterling Drug Co. 


1 The above table lists 9 war-authorized producers which discontinued manufacture. Reichel production 
facilities were combined with American Home Products’ Wyeth operations; Ben Venue Laboratories 
and Sterling Drug Co. ceased production at the close of World War II; available data do not indicate that 
Cherokee Biological Laboratories, Wm. Merrell & Co., and Emerson & Dettleback ever produced on a 
laboratory or commercial scale; Cutter Laboratories last manufactured in 1953 (when production was only 
6,385 pounds); Hoffmann-LaRoche last manufactured in 1949 (when total output was only 89 pounds); 
and Schenley last produced in 1952 (when total production was 25,426 pounds). J. T. Baker Chemical Co 
(consolidated by Vick Chemical Co. after 1941) and Monsanto, not shown on Table 13, entered the anti- 
biotics industry after World War II and dropped out in 1953 and 1954, respectively. Both were relatively 
minor producers. 

2 Purchase by Bristol occurred during World War II. 


Source: Civilian Production Administration, Industrial Statistics Division, War Industrial Facilities 
Authorized July 1940 through August 1945, Washington, July 30, 1946. FTC data request, 1957. 


produced, and American Cyanamid (Lederle) produced an additional 
20 percent of the total. In 1956 Pfizer produced 26.0 percent of the 
total volume and American Cyanamid 23.1 percent of the total. 
Among producers of penicillin, four companies accounted for nearly 
80 percent of national output in 1955 and 82 percent in 1956. In 1955, 
Pfizer produced nearly 30 percent of the total; Merck, almost 20 per- 
cent; Olin Mathieson (Squibb), 17 percent; and Lilly about 13 percent. 
In 1956, Olin Mathieson produced 24.5 percent; Merck, 20 percent; 
Lilly, 19 percent; and Pfizer, 18.6 percent amounting to 82 percent of 
total penicillin production. 

The antibiotics manufacturers, most of which operate within the 
ethical drug industry, maintain a close relationship with the medical 
profession and with retail pharmacists. Such changes in ownership 
as have occurred have not apparently disturbed this relationship, For 
example, Olin Mathieson which purchased Squibb in 1952 retained 
the Squibb name in the drug industry; Lederle continued to retain its 
trade-name identity after its purchase by American Cyanamid in 
1931, as did Wyeth, purchased by American Home Products in 19831. 

The 12 manufacturers of antibiotics which have remained in the 
industry since 1954 are— 

Abbott Laboratories 
American Cyanamid Co. (Lederle Laboratories) 
American Home Products Corp. (Wyeth Laboratories) 
Bristol-Myers Co. 
Commercial Solvents Corp. 

POG) SN Seema 
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Eli Lilly & Co. 

Merck & Co., Inc. 

Olin Mathieson Chemical Corp. (E. R. Squibb) 
Parke Davis & Co. 

S. B. Penick & Co. 

Chas, Pfizer & Co., Inc. 

The Upjohn Co. 


Five of the companies in the above list carry on their operations 
through subsidiary companies or divisions in large diversified holding- 
operating company systems, The other seven may be characterized as 
being chiefly engaged in manufacturing and marketing pharmaceuti- 
cals. Accordingly, in the descriptions that follow, the companies will 
be grouped under two major headings: 


1. Holding-operating diversified companies. 
2. Firms which principally produce and sell pharmaceuticals. 


Holding-operating diversified companies 


Examples of holding-operating company systems are Olin Mathie- 
son Chemical Corp., American Cyanamid Co., and American Home 
Products Corp., which control E. R. Squibb & Sons, Lederle Labora- 
tories, and Wyeth Laboratories, respectively. Brief descriptions of 
these three firms, together with Bristol-Myers Co. and Commercial 
Solvents Corp., all of which might be considered as having widely 
diversified operations, are given below. 

American Cyanamid Co. functions chiefly as an operating corpora- 
tion, and as of December 31, 1956, it had about 20 wholly owned sub- 
sidiaries in addition to a number of affiliated companies. The parent 
and its system companies are engaged in the manufacture and sale of a 
widely diversified line of industrial and fine chemicals, surgical prod- 
ucts, fibers, pigments, phosphates and nitrogen products, veterinary 
and garden products. Antibiotics, pharmaceuticals, biologicals, aller- 
genic extracts, and diagnostic agents are manufactured in the Lederle 
Laboratories Division. American Cyanamid markets a line of about 
400 pharmaceutical products. Plants are located in 20 States and in 
6 foreign countries. In addition, plants for producing antibiotics: 
and other pharmaceuticals have been constructed in Argentina, Brazil, , 
and England. The company acquired the antibiotics division of 
Heyden Chemical Corp. (now Heyden Newport Chemical Corp.) in 
December 1953. As of December 31, 1954, the parent company re-- 
ported an aggregate of 9,793 holders of the outstanding preferred | 
stock and 38,558 common-stock holders. 

American Home Products Corp. is a holding and management com-- 
pany with about 40 domestic and foreign subsidiaries engaged in the: 
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manufacture and sales of ethical drugs, packaged drugs and cos- 
metics, food and household products. Antibiotics and other pharma- 
ceutical products are manufactured by its Wyeth Laboratories subsid- 
iary. It has foreign subsidiaries and branches located in Canada, 
England, India, Australia, New Zealand, Latin America, and Europe. 
A substantial plant addition for the production of streptomycin is 
being built in Brazil. As of December 31, 1956, this company had 
13,482 employees and 20,831 stockholders. Forty-seven percent of its 
1956 sales represented ethical drugs, 18 percent food, 18 percent pack- 
aged drugs and cosmetics, and 17 percent household products. 

Bristol-Myers Co. functions as a holding-operating company, hav- 
ing a number of domestic and foreign subsidiaries engaged in the 
manufacture of molded plastic products, proprietary pharmaceutical 
specialties, antibiotics, and other drugs. The company’s 1956 sales 
were composed of 66.7 percent proprietary preparations, 17.5 percent 
ethical drug preparations, 5.2 percent cosmetics, Fiberglas products 
and miscellaneous, and 10.6 percent metal tubes and brushes. Total 
consolidated sales in 1956 amounted to $89,403,544. This amount, how- 
ever, does not include $10,650,000 of foreign sales. Consolidated as- 
sets, as of December 31, 1956, amounted to $57,504,534, of which 
$19,084,490 represented net property, plant, and equipment. Antibiot- 
ics, chemicals, and other pharmaceuticals are manufactured by Bristol 
Laboratories, Inc., located in Syracuse, N. Y. Some of the parent 
company’s foreign operations are conducted through its operating 
division, Bristol-Myers International, which in turn has eight sub- 
sidiaries, located in Australia, New Zealand, Argentina, Brazil, Cuba, 
Mexico, England, and South Africa. The company’s 1956 consolidated 
financial statements include the parent and all wholly owned North 
American subsidiaries. Dividends received from overseas unconsoli- 
dated subsidiaries are included in reported net earnings. The parent 
company’s investment in and advances to its unconsolidated system 
companies, branches, and licensees is carried at $2,924,532 as of De- 
cember 31, 1956. Foreign operations are also conducted by Bristol 
Laboratories, which has six subsidiaries, located in Canada, Colombia, 
England, Peru, Brazil, and South Africa. 

Commercial Solvents Corp. is engaged in the manufacture and sale 
of industrial and agricultural chemicals, animal nutrition products, 
antibiotics and other pharmaceutical products, potable spirits and au- 
tomotive specialties such as antifreeze and nitro fuel. This company 
has plants located in six States. Its wholly owned subsidiary, Com- 
mercial Distillers Corp., manufacturers whiskies and neutral spirits. 
It also has two affiliates, Northwest Nitro-Chemical, Ltd., and Therm- 
atomic Carbon Co. As of December 31, 1956, there were 1,959 em- 
ployees and 18,934 shareholders. 
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Olin Mathieson Chemical Corp. has approximately 40 subsidiaries, 
of which 36 are wholly owned. Its major operating companies are 
engaged in the manufacture and fabrication of aluminum, paper, Cop- 
per and brass products. The parent company, through its numerous 
divisions, manufactures industrial and phosphate chemicals, arms, 
ammunition, explosives, film, drugs and pharmaceuticals (including 
antibiotics manufactured in its E. R. Squibb & Sons Division acquired 
in 1952). In 1956, consolidated sales were composed of 21.0 percent 
industrial chemicals; 17.5 percent film, paper, and forest products; 
16.1 percent phosphate chemicals and plant foods; 16.7 percent arms, 
ammunitions, and explosives; 16.9 percent drugs and pharmaceuticals ; 
and 11.8 percent metals. This company also has a number of affiliates 
engaged in industrial construction, shipping, aircraft, and rocket de- 
velopment. As of December 31, 1956, Olin Mathieson’s common and 
preferred stockholders numbered approximately 53,000 and 1,800, re- 
spectively. There were about 42,000 employees of the consolidated 
companies as of the same date. 


Firms which are principally pharmaceutical 


In addition to the foregoing 5 companies, there are 7 other compa- 
nies listed above which can be characterized as being chiefly pharma- 
ceutical firms. All are operating companies with numerous overseas 
subsidiaries or affiliates conducting their foreign operations. These 
companies are briefly described below. 

Abbott Laboratories, an Illinois corporation organized in 1900, con- 
ducts worldwide operations through 37 active wholly owned subsidi- 
aries. This company is a leading domestic producer of pharmaceu- 
ticals, medicinal chemicals, bulk intravenous solutions, vitamins, and 
antibiotics. It also produces germicides, radioisotopes, and hypnotics. 
Consolidated assets in 1956 amounted to $102,572,422, of which 
$29,206,489 consisted of assets located in foreign countries. Approxi- 
mately one-half of these foreign assets are in South America. Abbott 
has 17,497 stockholders and 3,100 employees. For the 12 months ended 
December 31, 1956, net sales amounted to $96,789,412, of which 238 per- 
cent represented foreign sales other than Canadian. More than 650 
items are reported to be manufactured by the company. 

Eli Lilly & Co. manufactures about 55 pharmaceutical and biologi- 
cal veterinary products. The company has eight wholly owned sub- | 
sidiaries. One of its most recent acquisitions, Corn States Labora- 
tories, Inc., at Omaha, Nebr., was purchased in April 1956. Another 
subsidiary is Paper Package Co., of Indianapolis, Ind., which manu- 
factures paper and plastic containers. Other system companies oper- 
ating through Eli Lilly International Corp. are located in England, 
Canada, Central and South America. The parent and Abeidiaries 
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manufacture and sell antibiotics, vitamins, insulin, liver products, bar- 
biturates, polio vaccine (amounting to $28,900,000 in 1956), animal 
nutrients, and other pharmaceuticals. The company has 4,800 com- 
mon-stock holders and 8,872 employees. For the 12 months ended De- 
cember 31, 1956, total consolidated net sales amounted to $181,529,751. 

Merck & Co., Inc., was incorporated under the laws of the State 
of New Jersey in 1934. However, the firm was first established in the 
United States in 1891. In 1953 it acquired Sharp & Dohme, Inc., 
which is presently operated as a division. Merck has a number of 
domestic and foreign subsidiaries which own and operate manufac- 
turing plants located in 5 States and 10 foreign countries. The com- 
pany has four operating divisions three of which participate in the 
development, and domestic production and sales of pharmaceuticals, 
and biological specialties including antibiotics: Merck Sharp & Dohme 
Research Laboratories Division, Merck Sharp & Dohme Division and 
Merck & Co., Inc. Chemical Division. The 1956 consolidated net sales 
of $172,432,000 reflect sales of all wholly owned subsidiaries. Sales 
of all international operations, including direct export from the 
United States, amounted to $41 million, or 23 percent, of total com- 
pany sales. The operations of foreign subsidiaries and branches 
resulted in net income of $3,700,000 in 1956, of which $818,000 was 
remitted to the United States. The above amounts do not include 
profits of the parent company and domestic subsidiaries and branches. 
The amount of net assets included in the consolidated balance sheet 
as of December 31, 1956, representing foreign subsidiaries and 
branches, was $20,676,000, of which $5,664,853 consisted of net fixed 
plant and property. 

Parke, Davis & Co. was organized as a Michigan corporation in 
1875. It functions chiefly as an operating company. There are, how- 
ever, 10 wholly owned subsidiaries operating in a number of foreign 
countries, including Italy, Argentina, Cuba, Canada, and Mexico. The 
1956 consolidated net sales amounted to $134,093,000, of which 
$91,492,000 were derived from the United States and Canada, 
$15,404,000 from other Western Hemisphere countries and $27,197,000 
from other world trade. The company reports that it produces over 
600 products bearing the firm label. In addition to being a manu- 
facturer of antibiotics, the firm is one of the largest manufacturers 
and distributors of pharmaceuticals, including vitamins, antihista- 
minic agents, vaccines, and hormones. As of December 31, 1956, it 
had 25,457 stockholders and 9,849 employees, including nearly 4,000 
abroad. Consolidated net assets in 1956 amounted to $139,262,405, 
of which $29,479,000 were located in foreign countries. 

S. B. Penick & Co., which was incorporated under Delaware laws 
in December 1931, manufactures fine chemicals, bulk pharmaceuticals, 
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antibiotics, synthetic and aromatic chemicals, essential oils and re- 
lated products, insecticides, soluble gums, and other products. The 
firm is also engaged in the milling of imported and domestic crude 
botanical drugs. It maintains plants and warehouses in 5 cities and 
has sales representation in 11 large cities. The company has five 
wholly owned subsidiaries. ‘The majority of the voting control is 
closely held by the Penick family group. As of May 31, 1956, con- 
solidated assets amounted to about $14.2 million, and net consoli- 
dated sales for the 12 months ending May 31, 1956, were $19.7 mil- 
hons. 

Chas. Pfizer & Co., Inc., manufactures and sells fine organic chemi- 
cals, and is a leading manufacturer of antibiotics and other pharma- 
ceuticals. Domestic plants and laboratories are located in Brooklyn, 
N. Y., Groton, Conn., Terre Haute, Ind., and Maywood, N. J. The 
1956 financial statements include the parent and subsidiary companies, 
all of which are wholly owned. The net assets of foreign subsidiaries 
and branches together with the foreign assets of domestic subsidiaries 
amounted to $34,208,837 in 1956. Total consolidated assets as of the 
same date were $152,582,685. The parent, through its wholly owned 
subsidiary Pfizer Corp., conducts operations in 13 foreign countries, 
including England, Japan, Germany, Canada, Brazil, and France. A 
new fermentation plant constructed in England and another in France 
began operating in 1956. A fermentation plant was also opened in 
Japan that year. A continuation of the firm’s expansion program, in- 
cluding manufacturing facilities, is also being carried out in other 
parts of the world. This program involves expenditures between $20 
million and $25 million over the next 2 years. Sales and earnings in 
1956 were reported to be the highest in the 108-year history of the 
firm. One-third of the company’s 1956 total sales were accounted for 
by its international subsidiaries, 32 percent of sales were accounted 
for by Pfizer’s Laboratories Division which manufactures antibiotics 
and other pharmaceuticals, 21 percent by its Chemical Division, 8 per- 
cent by the Agricultural Division, and 6 percent by the J. B. Roerig 
& Co. Division which manufactures vitamins and other pharmaceuti- 
cal products. 

The Upjohn Co., which started as a partnership in 1884, was incor- 
porated in Michigan in 1909. The firm presently manufactures over 
800 pharmaceutical products bearing the company name. Sales are 
made through regular trade channels, including wholesalers, drug- 
gists, hospitals, and physicians. Total employees number about 
5,000, of which 750 are salesmen. Inventories are carried in 16 large 
cities. The company has been largely under the control and manage- 
ment of the Upjohn family since inception. Under its guidance, there 
has been a gradual broadening of products handled, which has aided 
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the firm in achieving and maintaing its position as one of the leading 
drug manufacturers. The company has five subsidiaries, located in 
Canada, England, Brazil, Mexico, and Australia. As of December 31, 
1956, total assets amounted to $107.8 million, of which $48.8 million 
represented property, plant, and equipment. Net sales for 1956 were 
$111.0 million. 

The antibiotic products in which each manufacturer specializes are 
recounted in the following section. The plants operated by each com- 
pany are described in a later section in this chapter. 


Products of Each Manufacturer 


Each manufacturer of antibiotics usually produces several basic 
substances. Table 14 lists the 12 manufacturers and the substances 
produced by each in 1956. Pfizer produced 14 different substances, 
Merck 9, Olin Mathieson 7, and Lilly produced 6. Other company 
totals ranged from 1 to 5. 

Table 14 indicates that 17 of the 29 antibiotic substances produced 
in 1956 were manufactured by 1 company each; 4 by 2 companies; 2 


TABLE 14.—Antibiotics producers and products made in 1956 
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1 Bristol manufactured Novobiocin for Upjohn on a toll basis. 
Source: FTO data request, 1957. 
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by 3 companies; 1 by 4 companies; 2 by 5 companies, 1 by 6 com- 
panies; and 2 by 7 companies. Thus, nearly three-fifths of all anti- 
biotic substances produced in 1956 were one-company products. ‘This 
represents a distinct change in individual company control of prod- 
ucts from that prevailing in 1948, when only 4 of the penicillins and 
other antibiotics, for which output was reported, were produced by 
only 1 company, and 7 were produced by more than 1 company. Thus, 
comparing 1948 with 1956, the number produced as one-company 
products increased from 4 to 17, while the number produced by more 
than one company increased from 7 to 12. 

The number of different kinds of antibiotics substances which each 
of the 12 manufacturers produce are summarized for 1948 and 1956 
in table 15. The table shows that most companies are producing about 


TABLE 15.—Kinds of antibiotics produced by each manufacturer: 1948 and 1956 
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- 1 Bristol actually produced 3 “‘other’’ antibiotics. Novobiocin was manufactured for Upjohn on a toll 
asis. 


Source: FTC data requests, 1956 and 1957. 


TABLE 16.—Number of manufacturers of antibiotics produced: 1956 





Antibiotics produced by— 


1 company 2 or 3 companies More than 3 companies 








Penicillin aluminum.! Penicillin sodium. Penicillin potassium, 
Penicillin ‘‘O”’ chloroprocaine.' Penicillin benzathine. Penicillin procaine. 
Penicillin SN eae $ Erythromycin, Streptomycin. 
Penicillin ‘“V”’ hydrabamine.! Tetracycline. Dihydrostreptomycin. 
Penicillin “V’’ potassium.! Cycloserine. Bacitracin. 
Penicillin ‘‘V’’ benzathine. Novobiocin. Neomycin, 
Penicillin ‘‘O’’ sodium.! 

Chlortetracycline. 

Chloramphenicol. 

Tyrothricin. 

Oxytetracycline. 

Viomycin. 

Polymyxin.! 

Nystatin.! 

Amphomycin. 

Oleandomyein. 

Candicidin.! 





1 The single manufacturer does not hold a patent on this product. In cases where patents are involved, 
they are held by companies or institutions not engaging in the manufacture of the item. 


Source: FTC data request, 1957, 
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the same number of penicillins as they did in 1948 (except for 
American Cyanamid and Commercial Solvents, which had discon- 
tinued penicillin production by 1956), and that most companies have 
significantly increased the number of other antibiotic substances pro- 
duced. In 1948, Lilly and Pfizer led with 2 other substances, and by 
1956 Pfizer led in diversification with 9 other substances, Merck fol- 
lowed with 6 other substances, American Cyanamid with 5, and Olin 
Mathieson and Penick were each producing 4 other substances. 

The antibiotic substances manufactured in 1956 according to the 
numbers of manufacturers of each are listed in table 16. 

Manufacturers classified according to “exclusive” and “semi- 
exclusive” items which they produce are listed in table 17. The com- 
pany which leads in the manufacture of antibiotics of which it is the 
exclusive producer is Pfizer with five exclusive products. 


TABLE 17.—“Haclusive” and “semieaclusive” antibiotics manufactured by each 
company: 1956 


“Hxclusive”’ products, manu- “Semiexclusive’’ products, 
Name of company factured by no other company manufactured by one or two 
other companies 


I DVOYO Be aes es a oe ee ieee re Penicillin ‘‘V’”’ hydrabamine. Erythromycin. 


Penicillin ‘“‘V’’ potassium. 
American Cyanamid (Lederle) ____-_- Chlortetracycline. Tetracycline. 
American Home Products (Wyeth)-_-| Penicillin ‘‘V’’ bensathine. Penicillin benzathine, 
Bristol-Myers... 222222 2h ka eece Amphomycin. Tetracycline. 
Novobiocin. ! 
Wom#»nercialeSolventsise: ae se lee a ee ee a ee ee Cycloserine. 
BENIN yee ek eS Sa ee E Penicillin “‘V.” Erythromycin. 
TICS Ae 8 SE EE Se SES es oe Ae he ee a ee tue ee OR er A Tee ee RS Penicillin sodium. 
Novobiocin. 
Cycloserine. 
Olin Mathieson (Squibb) __-.._______- Nystatin. Penicillin sodium. 
Peabo, pOaViGse 22. soe tose eS Chloramphenicol. 
HC 10 C Kee ae oe we a Tyrothricin. 
Candicidin. 
BEGAN OL eee eee ieee he SI A Penicillin aluminum. Penicillin bensathine, 
Oxytetracycline. Penicillin sodium. 
Viomycin. Tetracycline. 
Polymyxin. 
Oleandomycin. 
NOD] OLN Lc se SNe So soe See soe Penicillin ‘‘O”’ chloroprocaine. Novobiocin. ! 


Penicillin ““O”’ sodium. 


1 Bristol manufactured Novobiocin for Upjohn on a toll basis. Upjohn did not produce any. 
Source: FTC data request, 1957. 


The summarization in table 18 groups the companies producing semi- 
exclusive items. 


TABLE 18.—Companies producing the same semiexclusive products: 1956 


Product Manufacturers 
Been Ctli COUN! 1a 72 ween owen ees Merck; Pfizer; Olin Mathieson. 
BRO DIC) 8 Rhee a2 a aR pe ae a bee bods Merck; Upjohn; Bristol. 
PR CHOSEDIIOs Mee weee 2 229. ee ow Meena eek eeown Merck; Commercial Solvents. 
Prey PEO OMe melee aise ire oes whee. oo toes Abbott; Lilly. 
qenicillinubenzaginess =.= 22 sean ee ae American Home; Pfizer. 
PCiTACVCUNG sc Sat ob ious eee sdeowsl sess steeees2 Pfizer; American Cyanamid; Bristol. 


a parce and Bristol produced this item. All Bristol’s production was manufactured on a toll basis for 
pjohn. 


Source: FTC data request, 1957. 
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Specialization is apparently related to profitability of operation. 
Merck states, “* * * profit on products developed by a particular 
company and identified with it tends to be more stable than on prod- 
ucts of general manufacture.” *® In 1951 Pfizer stated, “The higher 
margins of profit on antibotics (during the past several years the 
average profit margin on antibiotics has been greater than the average 
profit margin on all products) has resulted from introduction of 
several new specialties * * *”® American Cyanamid, in 1950, stated 
that the higher margin of profits resulted from new specialties, “the 
latest and most important of which is Aureomycin [chlortetra- 
cycline ].” 2° 

In the early years of the industry, only a few antibiotic substances 
had been developed, and most manufacturers produced most if not all 
of the 4 or 5 principal products. Later, as research led to new products, 
each company tended to develop its own antibiotic line. 

Both the number of manufacturers in the antibiotics industry and 
the number of companies producing any one item have tended to de- 
cline in recent years. There were 17 antibiotic manufacturers in the 
1949-1952 period, but in the 1954-56 period, the industry was rep- 
resented by only 12 manufacturers. Of 14 producers of procaine peni- 
cillin in 1948, only 7 manufactured this substance in 1956. 

The number of manufacturers of each antibiotic which has been 
produced commercially from 1948 to 1956, and the total number of 
manufacturers in each cf these years is shown in table 19. As the total 
number of manufacturers decreased, the table reveals that the num- 
ber of antibiotics being manufactured increased. At the same time, 
the volume of output of all antibiotics also increased (tables 8 and 9). 
The total output by 12 manufacturers in 1956 was nearly 7 times the 
total output of 17 manufacturers in 1949, and over 10 times the out- 
put of 16 manufacturers in 1948. 

In 1948, the industry concentrated on 5 principal products—4 peni- 
cillins and streptomycin. Fourteen of the 16 manufacturers in that 
year produced procaine penicillin, the major volume product of the 
industry in 1948 as well as in 1956. While 14 manufacturers produced 
36,000 BU in 1948, 13 companies produced over 200,000 BU in 1952 and 
7 companies produced over 350,000 BU in 1956. A relatively new 
product, benzathine penicillin, was produced by 4 firms in 1953, when 
output totaled 22,000 BU. In 1956, only two companies produced 
the same output. 

Thus, while the number of manufacturers has decreased since 1948, 
the number of products and the total production of antibiotics has 
greatly increased. 

8 Merck proxy statement, April 30, 1953, p. 9. 


® Pfizer prospectus dated June 26, 1951, p. 6. 
#0 American Cyanamid prospectus, May 18, 1950, p. 8. 
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TABLE 19.—Number of manufacturers of each antibiotic: 1948 to 1956 


Antibiotic 1948 | 1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956 


—_— | | | | | | | 
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1 Merck and Bristol produced Novobiocin. Bristol produced for Upjohn on a toll basis. 
Source: FTC data requests, 1956 and 1957. 


As has been stated, each company has tended to develop its own 
product line of antibiotics. In table 20, the relative importance of 
each of the principal products of each manufacturer to his total are 
shown in the first column of the table for 2 years, 1950 and 1956. As 
the table reveals, most of the products which were major revenue pro- 
ducers in 1950 had been replaced by a new antibiotic in 1956. 

In 1950, procaine penicillin was the principal revenue item of 9 of 
the 17 companies in the industry—Abbott, American Home Products, 
Bristol-Myers, Lilly, Olin Mathieson, Upjohn, Cutter, Schenley, and 
Vick. By 1956, 5 of these companies had moved to new principal 
products, 3 had ceased all antibiotics manufacturing, and only 1 still 
retained procaine penicillin as its principal antibiotic product. 

Chlortetracycline, introduced by American Cyanamid in 1948, was 
the company’s only product in that year; by 1956 this item represented 
less than 40 percent of the company’s revenue, while a new product, 
tetracycline, was the most important. 
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Taste 20.—Percentage distribution of antibiotics manufacturers’ products— 
each product stated as a percentage of (1) each manufacturer’s total, (2) na- 
tional product total, and (3) national total of all products—based on dollar 
sales of own production: 1950-56 * 
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See footnotes at end of table. 
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TABLE 20.—Percentage distribution of antibiotics manufacturers’ products—Con. 
Each product as a percentage of— 
Manufacturer and product (1) (2) (3) 
Each manufac- National product National total of 
turer’s total total all products 
1950 1956 1950 1956 1950 1956 
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1 Includes carryover from previous year in some instances. 
2 Less than 0.05 percent. 
This company was not a producer in 1950 but sold penicillin previously produced. 
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Manufacturers’ Shares of the Market 


With respect to tetracycline (first produced in 1953), three com- | 
panies shared the producers’ market for this item in 1956, as follows 
from table 20, column 2: ** 





Percent of 
tetracycline 

Company: market 
Angeriean Cysmamid.... lo. 23 st eee ae hee ener eenee eee eee 68. 2 
PREP et ow doe oo a Oo ee ee eee 17. ¢ 
BristOl-Vi vores sore Bes ae eee nae ee eee 14. 8 
Oy +) Ge eae Apes Oe pag eRe: alc) ME S/S Sener nD ePO TT a 100. 0 


But while Cyanamid’s sales of tetracycline represented 68.2 percent of 
the total sales by manufacturers of tetracycline, this sale of tetra- 
- eycline represented only 16.5 percent of all sales (from manufac- 
turers’ production) of antibiotics for the year. 

The 16.5 percent of total sales represented by Cyanamid’s sales of 
tetracycline is the largest share that any single product of any single 
company had in the antibiotics market in 1956. 

The shares of the producing companies in the total antibiotics 
market in 1950 and 1956, as shown in table 20, column 3, of the table 
were: 


Percent share of tota! 


Company antibiotics market 


1950 1956 
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As shown in table 20, in 1950, chlortetracycline (produced only by 
Cyanamid) accounted for 26.7 percent of all sales of all manufac- 
turers from own production. In 1956, the largest share of any prod- 
uct was held by tetracycline (made by three companies), which © 
accounted for 24.2 percent of the total market. During the period 
from 1950 to 1956, the principal value item shifted from chlortetra- 
cycline to tetracycline, and the control of the principal item moved 


from the 1 producer of chlortetracycline in 1950 to 3 producers of 
tetracycline in 1956. 


s us additional manufacturers were licensed to Sell the item, as explained in detail in 
ch. é 
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United States Plant Locations and Ownership 


Nineteen antibiotics manufacturing plants operated in 9 States in 
1956 to produce a substantial portion of the world’s output of anti- 
biotics substances. Most of these plants combined processing and 
packaging with production facilities. In addition to the plants op- 
erated by the 12 United States manufacturers, a number of separate 
packaging (and processing) facilities were operated by nonmanufac- 
turers. The plants dealt with in the ensuing discussion are limited 
to those that were established by manufacturers. 

Ownership of manufacturing facilities has shown some change 
since World War ITI (see table 13, Status of World War II Manu- 
facturers), but no major producers of antibiotics have dropped out 
of the industry. Of the 20 authorized wartime producers, 17 were 
operating in 1950, and by 1954, 5 additional firms dropped out, 
leaving 12 manufacturers in the industry. Table 21 shows the States 
in which the 17 producers in 1950 and the 12 remaining producers 
in 1956 maintained manufacturing facilities. 

In 1956, combined manufacturing and packaging plants were lo- 
cated in 8 States (New Jersey, New York, Indiana, Illinois, Michigan, 
Pennsylvania, Virginia, and Connecticut), 2 additional States 
(Missouri and Iowa) had packaging plants which were operated by 
manufacturers, and West Virginia had a manufacturing plant which 
had no packaging facilities. The plant location information, pre- 
viously presented in the description of individual companies, is sum- 
marized for antibiotics operations in table 21, which lists the owners 
of these antibiotics plants, and shows the States in which they are 
located for 2 recent years—1950 and 1956. During the period from 
1950 to 1956, 20 manufacturing plants had been reduced to 19; and 
manufacturers’ facilities for processing and packaging had been 
increased from 23 to 25. 

While five manufacturers listed on table 21 for 1950 had ceased anti- 
biotics production by 1956, the remaining manufacturers were expand- 
ing their production and processing facilities. Those dropping out 
during the period were Heyden (the antibiotics operations of Heyden 
were purchased by American Cyanamid which continued the manu- 
facture of antibiotics), Schenley, Monsanto, J. T. Baker (a subsidiary 
of Vick Chemical Company), and Cutter. At the same time, Ameri- 
can Cyanamid expanded its operations when it commenced manufac- 
turing in New Jersey (with the acquired Heyden facilities) and in 
West Virginia, in addition to its New York antibiotics operations. 
Parke, Davis constructed an additional plant for manufacturing and 
packaging in Michigan. Lilly built a new manufacturing plant in 
Indiana. Merck built a new manufacturing and packaging plant in 
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Pennsylvania, added packaging facilities to its Virginia plant, and 
commenced packaging in Missouri. Pfizer added packaging facilities 
to its Indiana and Connecticut plants. 

Antibiotics plants usually extend over large areas, sometimes sur- 
rounded by several hundred acres of land. Penicillin plants con- 
structed during World War II ranged up to about $3,500,000 in cost, 
but during the Korean action manufacturing plants costing as much 
as $16,500,000 were authorised in connection with the defense program. 
Present domestic installations are of even larger dimensions. A plant 
in Pennsylvania, valued at $26 million, is located on 180 acres of 
land.#2, A New York plant occupies 45 buildings on 440 acres.** An 
antibiotics manufacturing plant in Indiana, where no finishing or 
packaging operations are carried on, was built at a cost of about $20 
million.** Another antibiotics plants, located in New Jersey, occupies 
more than 150 buildings situated on 200 acres of land.*® 


Foreign Plants Reported by United States Manufacturers 


Following the boom in domestic plant expansion during the Korean 
war, the antibiotics companies began to accelerate the construction of 
foreign facilities, principally those for packaging the increased out- 
put of domestic manufacturing plants. During the 1950-1956 period, 
52 new facilities were reported by United States manufacturers. Only 
15 of these were supported by facilities for manufacturing; the re- 
maining 37 were processing and packaging plants which relied on bulk 
or semiprocessed antibiotics from other sources. 

The location of the antibiotics portion of the foreign facilities re- 
ferred to previously in the description of the individual companies is 
summarized in table 22. This table shows the worldwide scope of anti- 
biotics operations of United States producers. By 1956, 19 combina- 
tion manufacturing and packaging plants and 87 other packaging 
plants were located in 12 countries; 21 packaging facilities were lo- 
cated in an additional 10 countries. In all, 10 United States manu- 
facturers had established 77 foreign facilities for either manufacturing 
or packaging or both by 1956. 

Aside from plants constructed abroad, American industry entered 
into a number of agreements to provide technological assistance to 
foreign antibiotics manufacturers.*® 

12 Merck annual report, 1951, p. 5; Merck prospectus, dated April 30, 1955, p. 11. 

18 American Cyanamid prospectus, dated May 21, 1952, p. 2. 

144 Ali Lilly annual report, 1951, p. 3; and for 1953, p. 3; Lilly executives’ statement to 
Federal Trade Commission officials in 1957. 

15 Merck & Co., Inc., Chemical and Engineering News, vol. 35, No. 14, pt. II, April 8, 
1957, p. 45. 

16 HCA Release No. 1137, December 28, 1949; ECA Advance Release No. 1653, August 10, 


1950; MSA Advance Release No. 30, March 6, 1952; “Pushing for Production,’ Chemical 
Week, September 17, 1953, p. 31; FOA Advance Release No. 112, May 24, 1954. 
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Parke, Davis led other manufacturers in 1956 in numbers of foreign 
antibiotics installations reported, with 9 manufacturing plants and 13 
processing and packaging facilities outside the United States. Ameri- 
can Cyanamid reported 8 manufacturing and 7 packaging facilities 
abroad; Pfizer reported 3 manufacturing and 7 packaging facilities; 
Olin Mathieson reported 2 manufacturing and 10 foreign packaging 
plants; Merck reported 1 plant equipped for manufacturing and 9 
for packaging; and American Home Products reported 1 manufac- 
turing and 7 packaging plants. 

Table 22 also shows the number of new facilities added during the 
period between 1950 and 1956, and the type of facility in each country. 
Some of the antibiotics facilities listed are of substantial proportions. 
For instance, a plant recently constructed by Pfizer in England for 
the manufacture of oxytetracycline (but not packaging, which is done 
in another city) occupies 120,000 square feet of building space on an 
&0-acre site and was built at a cost of $7 million.2” The Lilly plant in 
Mexico City contains 62,000 square feet of floor space." The Ameri- 
can Home Products plant in Mexico City occupies 35,000 square feet of 
floor space,’® according to a 1951 report of the company. Merck re- 
ports building new plant facilities on a 200-acre site in Canada.?° 


Plant Expansion and Improvement 


While the number of domestic manufacturing plants has remained 
fairly constant since the industry first began the production of peni- 
cillin during World War II, little similarity can be found between 
the small facilities of that period and the 19 extensive production 
plants now in operation. 

Present-day plants are elaborately equipped with automatic devices 
to insure sterility, to test and measure each process; to agitate, cool, 
and ventilate the antibiotics mixtures; and finally, to filter, dry, and 
store each gram of antibiotics in a completely sterile environment. 
Provision must be made for huge fermentation installations, and for 
burial or other disposal of thousands of gallons of waste material. 
Provision must also be made for power, heat, filtered air and refrig- 
eration, and for an immense water supply. Explosive chemicals used 
in the manufacturing process must be safely stored. Large numbers 
of animals are often maintained at the manufacturing site for use in 
connection with pharmacological testing of antibiotics products. 

Expenditures for plant and equipment are required both to con- 
struct new capacity and to replace worn-out or outmoded facilities. 


7 “New Antibiotics Fermentation Plant,” Chemistry & Engineering, London, October 22, 
1955, p. 1378. 


18 Lilly report (6 months), 1956 (introductory letter). 
12 American Home Products annual report, 1951, p. 10. 
70 Merck annual reports, 1944 (introductory letter) and 1948, p. 6. 
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This industry has made rapid technological advances in the develop- 
ment of production units equipped with automatic controls which 
produce larger and more predictable yields of a better product. A 
result has been the outmoding of existing facilities and large expendi- 
tures to replace obsolete production facilities. For instance, the de- 
velopment of deep-vat fermentation outmoded all previous installa- 
tions using flask fermentation, while perfection of techniques and the 
use of automatic devices and control equipment embodied in new 
and larger scale plants have progressively rendered the older and 
smaller deep-vat facilities obsolete. ‘Then, too, the discovery of new 
antibiotics from time to time has stimulated expansions of total 
capacity to provide facilities to produce the newer ones while con- 
tinuing the production of those already being marketed. Conse- 
quently, the capacity has increased substantially as a result of capital 
expenditures for both replacements and new production facilities, as 
the industry sought to attain greater volumes of production. 

In order to trace the growth of the antibiotics industry capacity 
from 1943 to 1956, annual data on expenditures for new plants and 
equipment were gathered from the manufacturers. Companies known 
to have been engaged in antibiotics production at some time during 
the years from 1943 to 1956, inclusive, were asked to report their 
capital expenditures for domestic antibiotics plant and equipment 
during each calendar year of this period. When plants were used 
only in part for antibiotics operations, the companies were requested 
to include only the cost of the portions used in antibiotics operations. 
Replies from 19 companies indicate that their expenditures for new 
antibiotics plants during the period 1948 to 1956, inclusive, totaled 
approximately $270 million, and that more than half of this total was 
expended during the Korean action. This total represents gross plant 
expenditures and does not relate to book value of fixed assets at any 
particular time during the period. 

Table 23 compares the annual expenditures reported by companies 
engaged in antibiotics manufacture at some time since 1943 with 
the total new plant and equipment expenditures of United States non- 
durable goods manufacturers as published in the 1957 Economic Re- 
port of the President. 

Varying numbers of the 19 companies reported expenditures for 
plant and equipment in each of the 14 years, with no more than 15 
reporting expenditures in any one year. It will be noted that the 
authorized expenditures during World War II (table 3) about equal 
the expenditures shown in table 23 for the first 4 years, 1943-46. 
During the Korean war years, the authorized expenditure (table 4) 
also approaches the expenditures listed in table 23 for the years 1951, 
1952, and 1953. 
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TABLE 23.—Eapenditures for new plant and equipment: United States non- 
durable goods manufacturers and antibiotics manufacturers: 1943 to 1956 





United States nondurable Antibiotics manufacturers 
goods manufacturers 
Year 
Percent Percent 
Millions of | change from | Millions of | change from | Number of 
dollars preceding dollars preceding companies 
year year 
ULE eee eee) eee eee TW oae te eee Oe Walk Se ee 9 
Ue eat ae Fee PES ss SO ES BEE ae DE: is a eee 5.3 0 13 
QAR C eee ee ee a aes eee Qe SOO aie bc eres 5.6 +5.7 14 
VOSG Si Fk Foe SE oe Sa 8 Se 38, 680 +54. 0 17. 5 +212. 5 15 
1A ait SS a OF I rar Be Se 5, 300 +44.0 18.0 +2.9 15 
OAS Oh). Fey ee ee Se 5, 650 +6.6 14.4 —20.0 14 
NOS Gi meee pe eh tera Sata Arce 4, 560 —19.3 16.3 +13. 2 14 
LOS (QS SERRE Soe eee Soa oe Se 4, 360 —4.4 13.0 —20.3 14 
1 To Ud 2 eh IS RE Se oe ee OS NI 5, 680 +30. 3 49.5 +280. 8 14 
9522 0k = Bee ee eh 6, 020 +6.0 47.3 —4,4 14 
OG orev ae Sone ak se a ec he 6, 260 +4.0 53.9 +14.0 14 
O54 Peet eee yee baer st 5, 950 —5.0 1287, —76.4 12 
0 5 eg ace Ni ee eat Si 6, 000 -+0.8 4.9 —61.4 12 
OGG SISA Se S 5 55415 iy SS ELE OSS 7, 360 +22.7 6.3 +28. 6 12 
otal sears ek es eee eee bore sie arn ee es 270. Oss ate NS See ee eee 





n.a.—Not available. 


Source: Economic Report of the President, January 1957, table F-28k, p. 154, for United States non- 
durable goods manufacturers, and FTC data request, 1957. schedule VII, for antibiotics manufacturers. 


While the year-to-year changes, shown in table 23, are greater 
in the antibiotics industry than in total nondurable goods industries, 
similarity to a certain extent is to be noted in the fact that both 
the nondurable goods industry and the antibiotics industry show two 
periods of accelerated plant investment, the first occurring after the 
close of World War II, and the second during the Korean action. 
Also, both show periods when the amounts of annual investments fell 
off as compared with previous years. 

Annual expenditures by antibiotics manufacturers are higher rela- 
tive to sales than is to be found for nondurable goods manufacturers 
as a whole. For the 7-year period 1950 to 1956, expenditures on 
new plant averaged 4 percent of sales for nondurable goods manu- 
facturers. Antibiotics manufacturers, on the other hand, spent an 
average of 9 percent of sales on new plant during this period (table 
24). However, since this period included the unusual. expansion 
occurring during the Korean action, it cannot be taken as a normal 
peacetime pattern. Some other individual nondurable industries, 
whose products like antibiotics were considered defense related dur- 
ing war and were in increasing demand during peace, may have had 
ratios as high as 9 percent. 

American Cynanamid (Lederle) and Pfizer have invested most 
heavily in new domestic plant throughout the 14-year period, total 
gross expenditure amounting to around $50 million for each, Eli 
Lilly ranks third with an expenditure of nearly $40 million followed 
by Olin Mathieson (Squibb) and Bristol. 
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TABLE 24.—Hapenditure on new plant and equipment as a percentage of sales 
for nondurable goods manufacturers and antibiotics manufacturers: 1950 
to 1956 


All nondurable goods manufacturers Antibiotics manufacturers 
Millions of dollars Millions of dollars 
Year 
Percent Percent 
Expenditure on| of sales Expenditure on| of sales 
Sales! | new plant and Sales? | new plant and 
equipment 2 equipment 2 

BVOQhee eee te Sete St pe opt 126, 000 4, 360 3.5 249. 2 13.0 5.2 
EES le a a ARES Se el rele re 142, 800 5, 680 4.0 344. 1 49.5 14.3 
Ta Ae ee Soe ee ee ae 2, 800 6, 020 4,2 289. 1 47.3 16. 4 
LS SEE Senos RE Rea a 148, 800 6, 260 4,2 270. 4 53.9 19.9 
TELUS Seo pee eae ae ae ; 5, 950 4.0 287.9 12.7 4,4 
| POSS ie EERE OE ee eee eee 159, 600 6, 000 3.8 304. 1 4.9 1.6 
lia ap aes ES Rah ee es eke 166, 800 7, 360 4,4 337.7 6.3 1.9 
NO5O-OO7AV ERAS O Stee as EO OF a aks Cos ee ASDC PME Re ce se Attala vee ese eS. 9.0 


1 Keonomic Report of the President, 1957, table E-33, p. 159, from Department of Commerce. 

2 Economic Report of the President, 1957, table E-28, p. 154, from Securities and Exchange Commission 
and Department of Commerce. 

3 FTC data requests, 1956 and 1957 


Initially, antibiotics plant expansion was required to produce 
penicillin, streptomycin, and dihydrostreptomycin for civilian con- 
sumption after World War II restrictions on both civilian use of 
antibiotics and materials for plant construction were lifted (see table 
23). Expenditures for new domestic plant and equipment did not 
drop markedly until after the conclusion of the defense expansion 
program in 1953. 


Relation of Employment to Production 


Total employment in the antibiotics industry, as estimated from 
the returns provided by the companies”? and other information, 
probably did not exceed 35,000 in 1956. 

Detailed employment data for their antibiotics operations were pro- 

vided by 4 companies for 1950-56 and by another for 1953-56. The 
five companies are American Cyanamid, American Home Products, 
Bristol-Myers, Pfizer, and Upjohn.?? 
Between 1950 and 1956, the increase in employment of the 4 com- 
panies was 22.8 percent. The biggest gain, 73.2 percent, was in re- 
search and development. Other increases were 32.4 percent for 
detail men; 28.9 percent for employees in “all other” work, including 
administration, maintenance, service, transportation, and miscellane- 
ous occupations; and 28.3 percent for employees in manufacturing 
operations. There was a decrease, amounting to 22.3 percent, in num- 
ber employed in compounding and packaging.” 

21NTC data request, 1957, schedule X. 

22 FTC data request, 1957. 


23 Data for the four companies are given in the form of percentage changes only to avoid 
disclosure of individual company data. 
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The antibiotics output of these 4 companies, measured in pounds, 
increased by 301.4 percent between 1950 and 1906. The average 
pounds produced per manufacturing worker increased by 212.7 per- 
cent, and the average pounds produced per packaging worker by 
903.2 percent. There were apparently two main factors behind this 
sharp increase in productivity per worker. One was the increased 
production of nonmedicinal grades, which are handled efficiently in 
large bulk and without certain finishing operations applied to the 
medicinal grades. Production of nonmedicinal grades commenced 
in 1950, but was only 4 percent of total output in that year as against 
98 percent in 1956 (see table 9). The second major factor behind 
increased productivity was increased automation and mechanization 
in both manufacturing and packaging, but particularly in the latter. 

Total antibiotics employment of the 5 companies amounted to 16,997 
in 1956, or approximately half of the estimated employment of the 
whole industry (see table 25). Research and development accounted 
for 8.4 percent of these employees; manufacturing, for 20.4 percent; 
compounding and packaging, for 14.1 percent; detailing, for 19.1 per- 
cent; and the “all other” category, for 38.0 percent. 

Between 1953 and 1956, research and development employees of these 
5 companies had increased by 22.9 percent ; employment of detail men, 
by 17.9 percent; “all other” employment, by 12.9 percent; and manu- 
facturing employment by 10.9 percent; while employment in com- 
pounding and packaging had decreased by 2.1 percent. 


TABLE 25.—Classifications of employees in the antibiotics industry, and the 
number and percent of each category to total employment—5 companies: 19538 
and 1956 * 


1953 1956 


Classification 
Number Percent Number Percent 
employed to total employed to total 


Researen-and development: 2. ...2--- 22. 2222-22-22. 2 1, 159 7.6 1, 424 8.4 
MAMMEACHITIMN Oh. ers ee an ee ee on a ee 3, 121 20. 5 3, 460 20. 4 
Compoundinevand packaeingl=. 22 -. asses eee = =o ease 2, 452 16.1 2,401 ALi 
UD CUATRO see sono noes Sams ae eee en ee 2, 153 18.1 8, 245 19.1 
PAUIRO TCT see eee aa See ao ree ene a ect ae 026 SYi5 7 6, 467 38.0 





ECO GH L le agl Ne  a oesere ean  2 15, 212 100. 0 16, 997 100.0 


1 Based on the usable returns of 5 companies including the 2 major producers. 
Source: FTC data request, 1957. 


Pounds of antibiotics produced per manufacturing worker of the 
five companies increased by 16.2 percent between 1953 and 1956, 
and pounds per packaging worker increased by 31.6 percent (see table 
26). In other words, the 1953-56 advance in productivity per worker 
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of the five companies was significant, but was much less than the 
1950-56 advance in productivity per worker of the four companies dis- 
cussed previously. 


TABLE 26.—Antibiotics manufacturing and packaging employment and output— 
5 companies: 19538 and 1956 


Percentage 

Item 1953 1956 change from 

1953 to 1956 
Manufacturing workers (number) __.---.--.-..-.---.--.__---- 3, 121 3, 460 +10.9 
ACKAOIN Pe WORKers (MUM ben). 52. sso Sot ee en eee ee 2, 753 2, 401 —12.8 
AAEM LOG COUMLOULE(DOUNES) = a5 555 se ese ee ee eee 1, 352; Ooi 1, 740, 062 +28. 7 
Average pounds per manufacturing worker__-__-.__.._-__----- 433 503 +16. 2 
Average pounds for packaging worker__..-.___--__--__-------- 551 725 +31. 6 





Source: FTC data requests, 1956 and 1957. 


Research and Development Policies 


If a manufacturer is to keep up with the progress of the industry, 
he must develop new products as well as new uses for old products. 
Trademarks and patents play an important role in new product iden- 
tification and control. 

From 1949 through 1956, 29 new antibiotics substances were pro- 
duced commercially, although all of them did not remain in produc- 
tion. The industry so far has been successful in marketing new 
products more rapidly than old ones are abandoned, as shown in chart 
1. During the span of years from 1948 through 1956, 17 penicillins and 
22 other antibiotic substances were manufactured. In 1956, 4 new 
penicillin specialties were manufactured as well as 4 other new basic 
substances, which is the largest number of new products to be intro- 
duced in a single year. The distribution of innovations as between 
penicillins and other antibiotics, the number dropped out of produc- 
tion since they were first produced, and the number remaining in 
production in 1956 are shown in table 27. Tables 15 and 19 (pre- 
viously discussed), listing the antibiotics manufacturers and the num- 
ber of different kinds of antibiotics manufactured in 1948 and in 
1956, show that most of the companies were producing more kinds 
in 1956 than in 1948, with the greatest expansion being in the new anti- 
biotics other than penicillins. 

The manufacturer leading in the development of new antibiotics is 
Pfizer, which produced 10 different substances in 1956; 9 besides 
the penicillins. This compares with only 3 basic substances produced 
in 1948. Merck produced 7 antibiotics in 1956 compared with 2 in 
1948. Olin Mathieson produced 5 in 1956 as compared with 2 in 
1948. Other manufacturers also developed new substances during 
the period. 
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TABLE 27.—Number of new antibiotics introduced since 1948 and number 
produced in 1956 


Penicillins Other antibiotics Total penicillins and 
others 
Year Produc- Produc- Produc- 

Devel- tion Pro- | Devel- tion Pro- | Devel- tion Pro- 

oped | dropped | duced | oped | dropped | duced | oped | dropped | duced 

before | in 1956 before | in 1956 before | in 1956 

1956 1956 1956 

104 Onaga sen sey tli So 2 2 1 1 1 0 1 3 1 2 
UD SO es yy oe a ee 2 0 0 0 Z 0 2 2 0 2 
TOY aS li a Se ee ae Baris 4 3 1 2 0 2 6 3 3 
TO ae = ag A OR eater GO 0 0 0 3 2 i 3 2 1 
OG Stee ee sie Lee 1 0 1 2 1 1 3 1 2 
EO Ate epee ae a pepe 0 0 0 ih 0 il 1 0 1 
OG DBs Nie es rR airs 28 1 0 1 2 1 1 3 1 2 
OSGi ee ee = 4 0 4 4 0 4 8 0 8 
ROtalessoe— a=. 12 4 8 WZ. 4 13 29 8 21 


NotTE.—Actually, 29 items were produced in 1956; 21 of them were developed after 1948. See Chart 1 
on p. 69. 


Source: FTC data requests, 1956-57. 


Innovations in the antibiotics industry are usually discovered, pat- 
ented, and marketed on an individual company basis. All the new 
antibiotics appearing in 1949, 1950, and 1953 were 1-company “ex- 
clusives”; in 1951, 4 of the 6 new items were 1-company specialities; 
2 of the 3 new items of 1952 are in this category; the single new prod- 
uct in 1954 is manufactured by only 1 company; 2 of the 3 new 1955 
products are likewise 1-company items. Of the 8 new antibiotics 
produced in 1956, 7 are 1-company specialties. Sometimes, however, 
a product patented by one company is manufactured and sold by 
other companies under a licensing agreement. Table 16 shows that in 
1956 patents were not held by the manufacturer on 8 of the 17 one- 
company products and that production was carried on under license in 
cases where patents are involved. Tetracycline is produced by three 
manufacturers, although one company, Pfizer, is the owner of the 
product patent. Pfizer has licensed Cyanamid and Bristol to manu- 
facture this product. Pfizer also authorized Upjohn and Olin Mathie- 
son to sell, but not to manufacture this antibiotic, which both com- 
panies purchase in bulk from Bristol. Each of these five companies 
sells tetracycline under its own trademark.24 The details of the five- 
company arrangement are discussed in a later chapter of this report. 

Table 20 (previously discussed) shows which antibiotics accounted 
for most of each company’s revenue from its own production in 2 
years: 1950 and 1956. The most important revenue earners of 1950 
were in many cases of little importance by 1956. A number of the 
items on which companies relied for their principal revenue in 1956 

4 Pfizer markets tetracycline under the trademark “Tetracyn”; Cyanamid’s trademark 


for the product is “Achromycin”; Bristol’s is “Polycycline” ; Olin Mathieson’s (Squibb) is 
“Steclin” ; and Upjohn’s is “Panmycin,” 
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were not known in 1950. Examples of new products not marketed 
in 1950 but of importance in 1956 are erythromycin, tetracycline, 
penicillin benzathine, penicillin “V,” neomycin, and novobiocin. 
Table 20 also shows that 8 of the 12 antibiotics manufacturers changed 
to new leading products during the short span of 7 years. Of the 
remaining 4 companies, which kept the same products as leaders over 
the period, 2 (Abbott and Commercial Solvents) reported lower sales 
from their own production in 1956 than in 1950. The other 2 
(Parke, Davis and Pfizer) continued, through the 7-year span, to show 
rising sales. Obviously, these shifts are the results of as well as the 
cause of a high degree of research activity, and furthermore, they 
are indicative of the high risks that much be borne in developing, 
producing, and marketing antibiotics, and the short period in which 
costs can be recovered. 

New products have been a constant feature of the drug manufactur- 
ing industry for many years. Merck noted in 1947 that “Approxi- 
mately 60 percent of sales for the year were of products which had 
been introduced in the last 12 years.” ?> In 1948, it stated, “In 
general, the profit margin realized on new product groups is higher 
than older groups.” 2° And in 1953, it stated “Profit margins are gen- 
erally somewhat higher on newly introduced products than on older 
products.” 2” Lilly stated in 1956 that 35 percent of its sales come 
from items introduced in the last 5 years.”8 

American Cyanamid said in 1949, “The higher margin of profit 
on pharmaceutical and biological products since January 1, 1946, 
resulted in part from the introduction of several new products.” ” 
(Aureomycin was introduced in 1948—one of the first broad spectrum 
antibiotics to be marketed.) Pfizer attributed its record sales in 
1950 to the introduction of new products when it reported to stock- 
holders. “The record sales of the year * * * were attributable to an 
almost immediate acceptance of several new products.” *° (Terra- 
mycin was first sold by Pfizer in 1950.) Bristol-Myers stated, “Per- 
haps the most fascinating research activity of this company is the 
search for new antibiotics.” ** Bristol stated in 1955 that 40 percent 
of sales were from new products,” and in 1956 this company claimed 
that 60 percent of its income comes from products developed in the 
past 10 years.** (Bristol-Myers began manufacturing its brand of 
tetracyline in 1954.) 

25 Merck annual report, 1947, p. 3. 

°6 Merck prospectus of April 19, 1949, p. 4. 

27 Merek proxy statement, April 30, 1953, p. 9. 

23 Lilly annual report, 1956. 

27 American Cyanamid prospectus, June 23, 1949, p. 8. 

30 Pfizer annual report, 1950, p. 3. 

31 Bristol-Myers annual report, 1951, p. 23. 


32 Bristol Myers annual report, 1955, p. 3. 
33 Bristol-Myers annual report, 1956, p. 4. 


CHAPTER IV | 


The Production Process 


Certain strains of micro-organisms are able to kill or repress the: 
growth of other micro-organisms which cause diseases. Science: 
and industry have exploited this characteristic of these strains of’ 
micro-organisms and the result is today’s antibiotic drugs. Each. 
commercially produced antibiotic has prey against which it is often. 
victorious, but there is no absolute rule. Sometimes one antibiotic: 
will succeed where another has failed, even when both are usually 
successful against the specific disease-producing micro-organism. 

Antibiotics are subjected to standards of potency and purity, but. 
once they enter the chemical system of a human or animal, especially 
when the body has been invaded by one or more disease-causing 
micro-organisms, the result is not completely predictable. 

The production process, starting with a selected strain of a particu- 
lar micro-organism, constantly undergoes experimentation and change. 
In the following description, generalizations will be made, but, as the 
literature on production methods reveals, the micro-organisms are 
likely to supply surprises to manufacturers from time to time. 

Antibiotics are produced principally by fermentation.2. The fer- 
mentation process, which is essentially the same for all antibiotics as 
well as for certain hormones and vitamins, is more than a brewing 
process. It is controlled chemistry of a highly technical nature in 
which enzyme-catalyzed reactions yield the desired product. Micro- 
organisms produce the catalysts.’ 

This is what makes the production of antibiotics by fermentation 
a special process—it employs as catalysts enzymes produced by grow- 
ing organisms instead of chemicals. The catalysts responsible for 
particular reactions of synthesis in antibiotics fermentation and the 


1This is accomplished by some fundamental disruption of metabolic processes, but just 
how it is done is unknown. Louis S, Goodman and Alfred Gilman, The Pharmacological 
Basis of Therapeutics, the Macmillan Co., New York, 1956, p. 1337. 

2 Chloramphenicol and tetracycline are partial exceptions. Most of today’s commercial 
output of chloramphenicol is by chemical synthesis and some of the current output of tetra- 
cycline is by dechlorination of chlortetracycline which in turn is produced by fermentation. 
While the chemical synthesis of a penicillin has been achieved in a laboratory, commercial 
production is expected to continue to be by fermentation. Drug Topics, vol, 101, No, 7, 
April 1, 1957, p. 30 ; Chemical Week, vol. 80, No. 12, March 1957, p. 65. 

3 Elmer L. Gaden, Jr., “Fermentation Kinetics and Productivity,” Chemistry & Industry, 
London : February 12, 1955, p, 165. 
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factors governing their formation in growing organisms are generally 
unknown.* 

The essential features involved in the month-long process of pro- 
ducing an antibiotic substance will be covered briefly in the following 
order: ° 

1. The micro-organism. 

2. The medium. 

3. Sterilization and aseptic techniques. 
4, The fermentation process. 

5. Recovery of fermentation products. 
6. Disposal of fermentation wastes. 

Manufacturers develop their own cultures, formulas for the 
medium, and special equipment in an effort to improve production 
yields and the stability of the product. But the essential steps in 
the major stages of production are strikingly similar among the many 
antibiotics. Once the fermentation process has been completed, how- 
ever, there are notable variations in methods necessary for recovering 
and purifying different antibiotics from fermentation broths. 

The first step to be taken before the antibiotic production process 
can be commenced is to find an efficient antibiotic strain. This means 
finding a strain of micro-organism capable of producing an effective, 
relatively nontoxic antibiotic substance in commercial quantities. 


The Micro-organism 


Search for effective strains 


Effective strains of micro-organisms for production of antibiotic 
medicines must be searched out, and after they are found, preserved. 
In order to find these useful micro-organisms, a large number of 
widely sampled soils, grain, and foodstuffs are screened, and certain 
cultures are selectively isolated. From among the selected cultures, 
a few superior producing micro-organisms are chosen. 

These micro-organisms may be further improved by natural selec- 
tion or by a series of treatments with X-rays, heat neutron bombard- 
ment, ultraviolet ight, or by the action of such chemical agents as 
nitrogen mustard and colchicine.® 


4W. E. Brown, “Penicillin,” Encyclopedia of Chemical Technology, vol. 9, The Inter- 
science Encyclopedia, Inc., New York: 1952, p. 9338. 

Elmer Gaden, Jr., ‘“Fermentation,’’ Chemical Engineering, vol. 63, No. 4, April 1956, p. 160. 

5 Samuel C. Beesch and G. M. Shull, ‘Fermentation,’ Industrial & Engineering Chemistry, 
vol. 47, No. 9, pt. II, September 1955, p. 1868. 

6W. E. Brown, “Penicillin,” Encyclopedia of Chemical Technology, vol. 9, The Interscience 
Encyclopedia Inc., New York: 1952, p. 928. 

W. B. Emery, “Bacteriological Problems in Translating from Small Equipment to the 
Industrial Scale,’’ Chemistry & Industry, London: March 5, 1955, p, 240. 

Beesch and Shull, “Fermentation,” Industrial & Engineering Chemistry, vol. 47, No. 9, 
September 1955, p. 1868. 
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The sources of present successful antibiotics are principally within: 
two groups of micro-organisms found in the soil; namely, molds and| 
bacterial streptomyces. From the molds come the penicillins, includ-. 
ing penicillin G, the basic penicillin’substance, penicillin V, and other: 
minor substances not widely sold. From the streptomyces come the: 
streptomycins, the tetracyclines, chloramphenicol, neomycin, erythro- 
mycin, carbomycin, viomycin, nystatin, oleandomycin, cycloserine, and’ 
novobiocin (vitamin By, also may be produced from the genus strep-. 
tomyces).’? From another soil bacterial organism comes polymyxin.. 

Within these groups of micro-organisms, only a few selected strains. 
have survived all the tests. 

One successful antibiotic, bacitracin, had a quite different origin. 
From the wound of a patient named Tracy, a strain of Bacillus subtilis 
was isolated which produced an antibiotic, and, in honor of the pa- 
tient, was named “B. subteéis Tracy I.” The antibiotic was ultimately 
named “bacitracin.” ® 

Penicillin was originally produced from a strain of Penicilliwm 
notatum, but this strain was later replaced by Penicillium chrysog- 
enum, which gave higher yields. This organism could be grown under 
the submerged-culture technique that in 1944 began to replace the 
surface-culture method of production which had employed many small 
flasks or bottles. Later an X-ray mutant of P. chrysogenum was found 
which gave higher yields than the original strain; finally, an ultra- 
violet mutant of this latter strain, called P. chrysogenum Q1%6, giving 
a minimum yield of 2,000 units of penicillin per milliliter of fermenta- 
tion broth, was developed. This is the strain now employed for the 
production of benzylpenicillin (penicillin G), the basic penicillin 
salt in general use.? Although benzylpenicillin was reported to have 
been chemically synthesized in the laboratory at Cornell University 
in 1946,’° commercial production has always been by fermentation. 

A recent development in penicillin involves the use of the initial 
culture strain, P. notatum, for production of a product, phenoxy- 


7Selman A, Waksmuan and H. A. Lechevalier, “Streptomyces Antibiotics,” Encyclopedia 
of Chemical Technology, vol. 12, The Interscience Encyclopedia, Inc., New York : 1954, pp. 
57 and 72, 

H. B. Woodruff, “Microorganisms,” Encyclopedia of Chemical Technology, vol. 9, pp. 

Antibiotics Annual 1956-57, Medical Encyclopedia, New York: 1957, pp. 228)1031: 

J. A. Kiser and H. B, Woodruff, “Antibiotics,” Encyclopedia of Chemical Technology, 
vol. 2. p. 7 ff. 

SErnest Jawetz, “Polymyxin, Neomycin, Bacitracin,” Medical Encyclopedia, Inc., New 
York : 1956, p. 50. 

®W. B. Woodruff, “Microorganisms,” Encyclopedia of Chemical Technology, vol. 9, The 
Interscience Encyclopedia, New York: 1952, p. 95. 

W. E. Brown, “Penicillin,” Encyclopedia of Chemical Technology, vol. 9, The Interscience 
. Technology, 1952, p, 929. 

7° Hans T. Clarke, John R. Johnson, Sir Robert Robinson, editors, The Chemistry of 
Penicillin, Princeton University Press, Princeton, N. J., 1940, p. 9, n. 9. 
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jmethyl penicillin, commonly called penicillin V.11_ This is the peni- 
[cillin form that was recently produced synthetically in a laboratory 
jexperiment at the Massachusetts Institute of Technology.” 

| Penicillin V is the exception; other penicillin salts are produced 
ifrom the P. chrysogenum Q176 strain and achieve their separate 
jidentities only during or after the fermentation cycle. 

Once a high-producing strain has been selected, it must be main- 
tained so that the organism remains viable and capable of producing 
the antibiotic at a constant high level. For this purpose the chosen 
culture is usually freeze dried; it may be maintained in this state 
for months.1* The freeze-dried culture is usually stored in small 
ampoules in a sterile bank or room.** 

Along with the improvement of strains there has been a search for 
new antibiotics—new strains that will do a better or different job 
than those antibiotics already in use. Because of the intensity of 
this search, a new antibiotic is occasionally unearthed and a new 
product marketed, but only after prolonged research at all levels— 
medical, developmental, and production. Between 3,000 and 4,000 
antibiotic strains have been identified,’® but less than two a year on 
the average have survived pharmacological and clinical testing, and 
thus could be marketed as antibiotic products. 





Controlled growth of selected strains 


Commercial production of an antibiotic starts when spores from a 
‘master culture are taken through several stages of successively in- 
‘creasing volume by feeding on increasing quantities of a suitable 
nutrient or food base. 

The spores, which are “awakened” when the ampoules are opened 
in a sterile room, are transferred—under continued sterile condi- 
tions—to a small container in which the first stage of encouraged 
multiplication takes place.* ‘The encouragement consists of a favor- 
able temperature, a supply of oxygen (the inoculum is aerated by 
continuous shaking in a bottle or flask), and the proper nutrition.” 


11 Business Week, March 23, 1957, p. 124. 

2 Drug Topics, vol. 101, No. 7, April 1, 1957, p. 30; Chemical Week, vol. 80, No. 12, 
March 1957, p. 65. 

13 W. B. Woodruff, ‘Microorganisms,’ Encyclopedia of Chemical Technology, vol. 9, The 
Interscience Encyclopedia, New York: 1952, p. 106. 

W. BE. Brown, “Penicillin,” Encyclopedia of Chemical Technology, vol. 9, The Interscience 
Encyclopedia, New York : 1952, p. 929. 

14“New Antibiotics Fermentation Plant,’? Chemistry & Industry, London: October 22, 
1955, p. 1378. 

Samuel C. Beesch and G. M. Shull, “Fermentation,” Industrial & Engineering Chemistry, 
vol. 47, No. 9, p. 1868. 

% Henry Welch, “Antibiotics: A Discussion of Recent Developments, Use and Side 
Effects,” International Record of Medicine, vol. 168, No. 7, July 1955, p. 450. 

16‘‘New Antibiotics Fermentation Plant,’ Chemistry & Industry, London: October 22, 
1955, p. 1378. 

177 W. EB. Brown, “Penicillin,” Encyclopedia of Chemical Technology, vol. 9, The Inter- 
science Encyclopedia, New York: 1952, pp. 929-930. 
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The first stages of spore development (for penicillin production)| 
in a solid agar or grain usually require about 5 days. The sporese 
thus obtained are suspended in sterile water and a specific quantity’ 
is used as inoculum for the first of several vegetative stages, eachi 
designed to give from 5 to 10 percent inoculum to the succeeding: 
stage; that is, to give volume increase from tenfold to twentyfold at: 
each stage.'® 

The number of inoculum stages necessary in industrial operations: 
is dependent primarily on the working capacity of the production: 
fermenter. (The working capacity is usually about three-fourths: 
of the size of the fermenter.) Sufficient amounts of inoculum from; 
the original spore source must be maintained at each plant. Usually,, 
the time elapsing from the growth of the original freeze-dried spore: 
source until sufficient inoculum is available for fermentation is about: 
2 weeks,’® 





The Medium 


While the mold is being grown in several stages of increasing’ 
volume, the medium is being prepared for use in the big fermenters, . 
usually 15,000 to 30,000 gallons in size.”° 

The medium is composed of nutrients necessary for production of 
the antibiotic substance. Water is added, the mixture is sterilized, and 
then pumped to the large fermenters. The mold is then added to the 
medium, and growth of the entire batch is speeded by agitation and 
aeration. Tanks are cooled during the final growth process by the 
circulation of hundreds of thousands of gallons of water. It is said 
that enough water is used daily by one antibiotics plant to supply 
100,000 people.” 

The content of the medium is important. In fact, an industrial 
fermentation process has been described simply as the correct combi- 
nation of medium and micro-organism.2? 

The function of the medium in antibiotics production is to provide 
conditions for satisfactory large-scale growth and optimum activity 
of the micro-organism. Growth and catalytic activity must be satis- 

18 Ibid., p. 929. 

19 Ibid., pp. 929, 930. 

W. B. Woodruff, “Microorganisms,” ibid., p. 101 ft. 


“New Antibiotics Fermentation Plant,” Chemistry & Industry, London: October 22, _ 
1955, p. 13878; “Kentish Terramycin Plant,” The Chemical Age, No. 1891, London: October 
8, 1955, p. 773. 

21“New Antibiotics Fermentation Plant,” Chemistry & Industry, London, October 22, 
1955, p. 1878; “Kentish Terramycin Plant,” The Chemical Age, No. 1891, London: October 
8, 1955, p. 773. 

John EH. McKeen, “Antibiotics Production Development,” Drug & Cosmetics Industry, vol. 
77, No. 2, August 1955, p. 184 ff. 

2 Samuel C. Beesch and G. M. Shull, “Fermentation,” Industrial & Engineering ‘Chemistry, 
vol. 47, No. 9, pt. II, September 1955, p. 1868. 
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factory from the point of view of the desired end product, and satis- 
factory from a commercial point of view; that is, the antibiotic yield 
must be high.?* 

Raw material for the medium is composed of nitrogen sources and 
carbohydrate energy sources ** (see also table 29, p. 120). The basic 
medium used for penicillin production contains lactose, corn steep 
liquor, calcium carbonate, animal or vegetable oils, and salts.**> There 
is no standard formula; each manufacturer develops its own medium *° 
and apparently makes frequent changes in its own formula. 

Corn steep liquor, one of the items usually used in the medium 
because it appears to boost the antibiotic yield, is purchased in con- 
siderable quantity from the corn wet-milling industry by the anti- 
biotics manufacturing industry.?7 Most of the Nation’s annual out- 
put of corn steep—estimated to range between 100 and 150 million 
pounds—is consumed in antibiotics manufacture. 

Trace materials, which appear to function as catalysts, are some- 
times added to the medium to increase the yield or rate of produc- 
tion of the antibiotic. In the production of chlortetracycline, iron, 
potassium, phosphate and magnesium are used as trace elements; in 
penicillin production nonmetal stimulatory substances are often 
added to the medium, such as ethylamine, alkaloids, and fatty acid 
esters.” 

Certain precursors, when added to the medium, favor the in- 
creased yield of the desired antibiotic, and discourage the production 
of other substances during the fermentation process. In penicillin G 
production, phenylacetic acid is sometimes used as a precursor.?® 





238 Tbid., p. 1868. 
24 Carbohydrate or energy sources include molasses, glucose, starch, wood sugars, corn, 
wheat, milo, rye, and potatoes. Nitrogen sources used in various industrial fermentations 
of antibiotics include distillers’ solubles, casein, whey, gluten, fish meal, protein hydrol- 
_yzates, meat scraps, ammonia or ammonium salts, grains of various types, corn steep liquor, 
peptones, tankage, soybeans, bean, peanut, linseed, and cotton seed meals; wheat bran, 
oat hulls and lentils. Samuel C. Beesch and G. M. Shull, ‘Fermentation,’ Industrial & 
Engineering Chemistry, vol. 47, No. 9, pt. II, September 1955, pp. 1868-1869. 

W. B. Brown, ‘Penicillin,’ Encyclopedia of Chemical Technology, vol. 9, The Inter- 
' science Encyclopedia, Inec., New York; 1952, p. 1930. 
2% David Perlman, Arthur EH. Tempel, Jr., and W. E. Brown, ‘Fermentation,’ Industrial 
. & Engineering Chemistry, vol. 45, No. 9, September 1953, p. 1957. 

See also input materials of two manufacturers for penicillin and dihydrostreptomycin 
shown in table 30, p. 122. 

26 Selman A. Waksman and H. A. Lachevalier, ‘Streptomyces Antibiotics,’ Encyclopedia 
of ‘Chemical Technology, vol. 13, The Interscience Encyclopedia Inc., New York : 1954, p. 63. 

27 Chemical Week, pt. I, vol. 75, No, 12, September 18, 1954, p. 106. 

23 Samuel C. Beesch and G, M., Shull, “Fermentation,” Industrial & Engineering Chemistry, 
vol, 47, No. 9, pt. II, September 1955, p. 1869. 

22 David Perlman and Charles L. Kroll, ‘‘Fermentation,” Industrial & Engineering Chem- 
istry, vol. 46, No. 9, September 1954, p. 1818, 

W. E. Brown, ‘‘Penicillin,” Encyclopedia of ‘Chemical Technology, vol. 9, The Interscience 
Encyclopedia, Inc., New York: 1952, p. 931. 
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When penicillin O is desired, allylmercaptoacetic acid is added. For 
streptomycin, inositol and glycin have been used as precursors.” 

Excessive foam must be prevented, and for this reason antifoam- 
ing agents such as lard oil are piped into the fermenters.” 


Sterilization and Aseptic Techniques 


Aseptic technique in industrial fermentation begins in the labora- 
tory with the use of a pure culture of the antibiotic-producing mold. 
Utmost precaution is required throughout the laboratory and subse- 
quent plant process to avoid the entrance of contaminating micro- 
organisms. All] media are heat sterilized to kill the organisms present 
in water or in the raw materials. In large-scale industrial processes, 
long heating periods under pressure are sometimes necessary to in- 
sure sterility. A temperature of about 250° F. for 20 to 60 minutes 
is quite common.** 

The liquid is agitated for thorough mixing to prevent unwanted 
micro-organisms from surviving in a cool area; one such organism 
could be a source of contamination of the whole batch. At the same 
time, care must be taken that nutritional qualities of the medium are 
not damaged by overheating. 

Sterility requirements impose restrictions on the use of some mate- 
rials in the medium. Moist bran, for instance, is not a practical 
ingredient for the medium because of the difficulty of sterilizing it. 
Difficulties are also encountered when potato, dilute gelatin, or some 
sugars are subjected to pressure sterilization.** All equipment must 
also be maintained under sterile conditions. 

The success of antibiotics production depends on avoidance of con- 
tamination by unwanted organisms. Such contamination can result 
in the destruction of the desired antibiotic substance and the growth 
instead of foreign organisms. For this reason, frequent tests are 


made throughout the process to insure that a foreign organism has 
not “taken over.” 


* Louis S. Goodman and Alfred Gilman, The Pharmacological Basis of Therapeutics, The 
Macmillan Co., New York : 1956, p. 1328. é 

David Perlman and Charles L, Kroll, “Fermentation,” Industrial & Engineering Chem- 
istry, vol. 46, No. 9, September 1954, p. 1813, citing J. H. Ford, Antibiotics and Chemo- — 
therapy 3, 1149 (1953). 

aw. KE. Brown, “Penicillin,” Encyclopedia of Chemical Technology, vol. 9, The Inter- 
science Encyclopedia, Inc., New York : 1952, p. 922. 

2 Tbid., p. 9383. 

33 ee tne boiling points (212° F.) for atmospheric pressure, 108 minutes are needed, while 
at 290° F. sterilization is accomplished in 2.5 minutes. Elmer Gaden, Jr., “Fermentation,” 
Chemical Engineering, vol. 63, No, 4, April 1950, p. 164. 


oe H. B. Woodruff, “Microorganisms,” Encyclopedia of Chemical Technology, The Inter- 
science Encyclopedia, Inc., New York: 1952, p. 102. 
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The Fermentation Process 


The batch method of fermentation, rather than the continuous meth- 
od, is used in the production of antibiotics.*> This method is necessary 
because of the continuing problems of culture stability and contamina- 
tion in antibiotics fermentation. The advantage in the batch method 
is that contamination, when it occurs, may be limited to a single fer- 
menter without involving the entire system. If the problem of con- 
tamination cannot be solved, the batch is thrown out and the source 
of contamination found before production of the antibiotics substance 
is resumed. 

As shown in table 29 (p. 120), the duration of the fermentation 
period varies among the antibiotics products. Penicillin is shown as | 
requiring an average fermentation time of 100 to 120 hours; strepto- 
mycin, from 60 to 80 hours; chloramphenicol, 72 hours; chlortetra- 
cycline, from 48 to 72 hours; and oxytetracycline, 48 hours. Another 
observer, relying on data from different plants than those relied upon 
in developing the figures shown in the table, states that penicillin re- 
quires a shorter fermentation period than streptomycin. The time 
periods shown in the table are not standard and vary between manu- 
facturers of the same product, and, according to some observers, vary 
from batch to batch depending on the medium used or other changes in 
the production process. The fermentation cycle may be extended be- 

yond the point of time of the maximum productivity of the micro- 
organisms in order to achieve a more economic overall operation.®® 

During the course of fermentation, four major considerations must 

be kept paramount. They are aeration, temperature, pH of the me- 
: dium,°’ and control of foam. Aeration and agitation are provided 
-mechanically, and vary according to the product desired and the me- 
-dium used. Cooling of the batch is necessary because of the heat re- 

leased when carbohydrates in the medium are converted to carbon di- 
| oxide, and is provided by a flow of water over the surface of the fer- 
/menter or in coils or jackets.** The chief methods of pH control are 
by the use of buffers or by intermittent addition of alkalis or acids. 


33 Beesch and Shull, “Fermentation,” Industrial & Engineering ‘Chemistry, vol. 47, No. 9, 
September 1955, pp. 1870-1871. 
36 Elmer Gaden, Jr., “Fermentation,” Chemical Engineering, vol. 63, No. 4, April 1956, 
e173. 
‘ 3? pH refers to the degree of acidity or alkalinity of the solution. 
38 Samuel C, Beesch and G. M. Shull, “Fermentation,” Industrial & Engineering Chemistry, 
vol. 47, No. 9, pt. II, September 1955, p. 1870. 
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Modern fermentation equipment is “amazingly standard.” *° The 
vessels are usually made of stainless steel. Sizes differ, but large 
manufacturers ordinarily employ ten to fifty 15,000- to 30,000-gallon 
vessels. Operating capacity is usually about 75 percent of total 
capacity. Agitation is provided by some type of turbine impeller 
‘mounted on a central shaft. Air is admitted through an external 
sterilizing filter, airpipe, and sparger. Control and recording devices 
used in the process include air pressure and flow recorder-controller, 
temperature (cooling water) recorder-controller, tank pressure re- 
corder, and antifoam addition-controller. Any additions to the mix- 
ture, such as air or antifoam agents, must first be sterilized. 

Two types of fermenters are used—the seed (inoculum) fermenter 
and the larger production fermenter. Table 28 gives the general 
requirements for fermentation equipment used in the manufacture of 
antibiotics as well as certain other fermentation products. There are 
some exceptions. The fermentation of yeast is done in a somewhat 
different vessel and solvent fermenters (ethanol, butanol, and acetone) 
are larger in size and do not require agitation and aeration. 

The month-long antibiotics production process has reached a high 
degree of automation. While gages and recorders operate on an 
around-the-clock basis, one skilled technician can check readings in 
several buildings. Thus, much of the process of production (in- 
cluding fermentation) requires few employees in a modern antibiotics 
plant. 


TABLE 28.—Fermentation equipment 











Operating 
Type Uses capacity, Agitation Aeration 
gallon 

Seed (inoculum) | General; antibi- | 50-1,500__.__._- Single or double, flat | Sparger rings or pipes 
fermenters. otics, vitamins, and curved blade 1-4 feet per minute 
organic acids. turbines, 0.1 to 0.7 superficial velocity. 

horsepower per 100 

; Bas gallons. 

Production fer- | General; _antibi- | 5,000-25,000....| Multiple flat and | Sparger rings or pipes 
menters. otics, vitamins, curved blade tur- 2-6 feet per minute 
organic acids. bines, 0.2-1 horse- superficial velocity. 

paver per 100 gal- 

ons. 





: Source: Elmer Gaden, Jr., “Fermentation,” Chemical Engineering, vol. 63, No. 4, April 1956, table II, 


Recovery of Fermentation Products 


The next step is to harvest the antibiotic product from the fermenta- 
tion broth. At the end of the brewing cycle, thousands of gallons of 


*°The author’s complete statement is, “Despite the extreme atmosphere of competitive 
secrecy which envelops the fermentation industry, particularly its pharmaceutical branch, 
equipment is amazingly standard. ‘This stems in part from the fact that most major pro- 
ducers of antibiotics and related materials got their start under the more or less coopera- 
tive arrangements of the government’s war-time penicillin program.” Elmer Gaden, Jr., 
“Fermentation,” Chemical Engineering, vol. 63, No, 4, April 1956, p. 159 ff. ; 
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broth contain only small amounts of the antibiotic substance. Re- 
covery problems are due mainly to the low concentraction in which 
these chemicals are found and to the need to free a highly pure pri- 
mary product from trace contaminants of structurally similar but 
biologically inactive or harmful entities.*° 

The quantity of an antibiotic yielded by a given fermentation batch 
is of great economic significance to the manufacturer. The higher the 
product concentration in terms of a given material input and of time 
spent and equipment used on a given quantity of the product, the 
higher the reward. The difference between a 1-gram- and a 5-gram- 
per-liter yield is the difference between whether a 10,000-gallon fer- 
mentation batch represents 37,850 grams or 189,250 grams of an anti- 
biotic. It does not pay, however, to push the product concentration 
too high if it involves a disproportionate expense for either raw 
materials or processing. 

Both potency and the techniques used to produce a certain potency 
or yield are carefully guarded by the manufacturers, except when it 
may be necessary to disclose a particular method in order to obtain 
a process patent. Yields, therefore, differ among the various plants, 
and to a smaller extent they differ in the same plant between one 
_ period of time and another. Most estimates of yields for particular 
antibiotic substances by chemical engineering experts are in the nature 
of “educated guesses.” 

Table 29 presents recently published estimates for broth yields of 
- some antibiotic substances. The ranges shown for the yields of four 
| principal products are as follows: penicillin, 1 to 3 grams per liter; 
streptomycin, 1.5 to 4 grams; chlortetracycline, 1.3 to 2.5 grams; and 
oxytetracycline, 1 to 5 grams.*° One authority states his belief that 
_ the quoted figures are conservative, at least for penicillin and chlor- 
tetracycline, and that the maximum yields of penicillin are probably 4 
grams per liter, and for streptomycin and both chlortetracycline and 
oxytetracycline are probably in the neighborhood of 414 grams per 
liter.*t It is pointed out that broth potencies of streptomycin and the 
broad spectrum antibiotics would be expected to fall in the same 
broad range, other factors being equal, since all are products of or- 
ganisms of the Streptomyces group, while penicillin, produced from a 
different organism under different conditions, might have a different 

39 Elmer Gaden, Jr., “Biochemicals Processing,” Chemical Hngineering, vol. 64, No, 5, 
May 1957, p. 240. 

40'The author of this table states that “‘the data given are intended more for illustration 
f and example than for completeness and accuracy of detail. Published information—par- 
| ticularly for antibiotic and other pharmaceutical processes—is rarely more than an approxi- 
mation to the actual conditions employed and results obtained anyway.” Elmer Gaden, Jr., 

“FRermentation,” Chemical Engineering, vol, 63, No. 4, April 1956, p, 161. 


41 British and Canadian patents disclose a 5 gram per liter yield on Cyanamid’s chlor- 
tetracycline. 
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range of product concentration, reported by some to be lower and by 
table 29 to be narrower than the range for streptomyces products. 

In comparison with the 1956 range of yields shown in table 29, 
the president of Pfizer reported that in 1953 yields of antibiotics 
(without specifying the classes of antibiotics) were at the average 
rate of 1,600,000 pounds from 450 million gallons of broth (280 
gallons per pound), or 0.4 gram per liter.*? 

Previously one company had reported that in 1945, 17,442 gallons 
of broth had to be processed to produce 1 pound of penicillin or 
0.007 gram per liter of broth. Thus, yields of penicillin appear to 
have increased at least 142 times between 1945 and the time of Dr. 
Gaden’s observations (from 0.007 gram per liter in 1945 to a mini- 
mum of 1.0 gram per liter in 1956). 

It is understandable that intensive research continues to be carried 
on to improve yields. This research takes the form of searches for 
high-producing strains of micro-organisms and for improvements in 
the inoculum or medium, or some mechanical variation that will stimu- 
late more growth of the antibiotic substance. 

A recent article quotes Lederle (American Cyanamid) as stating 
that it now gets higher production from considerably less starting 
materials than ever before, “thanks to a particularly busy microbe 
strain that it’s recently bred.” In this way, production is boosted 
without expansion of physical plant.*® 

The first step in the recovery of antibiotics from the fermentation 
broth is to transfer the brew to a holding tank under strictly sterile 
conditions. Here mycelia and other solids are removed.** Chemicals 
are added to aid the precipitation out of solution of an intermediate 
salt of the antibiotic. Penicillin, for instance, may be purified and 
extracted from the clear broth by a three-stage solvent extracting 
process with the use of a countercurrent solvent extractor. The peni- 
_ cillin may then be converted into various crystalline penicillin salts.‘ 
For streptomycin, the medium is treated with acid to release the 
_ streptomycin bound to the cells of the micro-organism. The cells are 
removed by filtration, the filtrate is neutralized and passed over an 
_ exchange resin, the resin is treated with acid, and the released strep- 
_ tomycin salt is purified further and crystallized.*7 The filtrate can 
also be used as the basis for dihydrostreptomycin. 

: 42 John BE. McKeen, “Antibiotics Production Development,” Drug & Cosmetic Industry, 
vol. 77, No, 2, August 1955, p. 184. 

43 “Tetracycline: Engineered to Market,’ Chemical Engineering, vol. 64, No. 3, March 
HES ae ‘Penicillin,’ Encyclopedia of Chemical Technology, The Interscience 
Encyclopedia, Inc., New York: 1952, p. 1929, 934. 

45 ‘Antibiotics Production Plant,’? The Engineer, vol. 201, No, 5240, London: June 29, 
See hecia a Arthur E, Tempel, Jr., and W. E. Brown, “Fermentation,” Industrial 
& Engineering Chemistry, vol. 45, No. 9, September 1953, p. 1961. 


47 David Perlman and Charles L. Kroll, ‘“‘Fermentation,” Industrial & Engineering Chem- 
istry, vol. 46, No. 9, September 1954, p. 1821. 
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No general principle can be laid down for the recovery of fermenta- 
tion products. For the main product (not for recovery of a byprod- 
uct), however, the standard techniques of salt formation, distillation, 
adsorption and elution, and solvent extraction are commonly used.“ 

There is always some loss of the antibiotic in the process of harvest- 
ing it from the fermentation broth. The manufacturer’s problem is 
to keep the loss to a minimum. 

A general summarization of the requirements for fermentation and 
recovery of some of the antibiotics is presented in table 29 which 
appeared in a 1956 publication. Antibiotics are grouped under the 
biosynthesis process, along with riboflavin, vitamin By, and yeast.*® 

Data for conclusions regarding the relationship of yields to unit 
cost of different antibiotics are not available. A wide variety of chem- 
icals and nutrients are used in the production, recovery, and purifica- 
tion of antibiotics; there is no standard formula for any particular 
product or for any particular manufacturer. Table 30 lists the major 
materials used by two manufacturers during the course of production 
of penicillin and dihydrostreptomycin in 1952, disclosing the variety 
of major input requirements used in the course of producing these two 
standard substances. 


TABLE 380.—Principal raw materials required for production of 25,000 pounds 
of 2 antibiotics 








Penicillin Dihydrostreptomycin 

Calcium: carbonates.--2---_--.-- lbs-> "E72, s80ct Oereloso- se 22 ss. 8 22555 ee Ibs.. 1, 148, 875 
ADEN KOU OV IETS es Meee a Eee ee do..7 (74700; Sey bean meals see Pee ae do.. 891,800 
iPhenylacetamidess---)—- = ee do.. °180,000' | Corn steep solids..- 2 do.. 255, 938 
Com'steep liquors. 2-4. 2222-2252 doU. 2,257,460 1 Sodium-chioride.-.. 2.2. .3/323 i) do.. 129,675 
Hormialde@hiy@ew sa.) sae ee ee do.. 62;000s1 Caleium-chioride. 2.2. 5 do.. 51, 188 
Dextrine Gatingsc 2. See Some eae do i1. 161/300: Oxalic acids... 5 ise. Sia ee 125, 125 
SWC aCl@ee = so 2 eee eee do... -255,672:| Eiydxochlorie acid... 2. 2 do.. 312,813 
Sodium sullages. 1 .£a lo. 5s.. Sb do 15, 144) Ty iostipercelis =. v2.22. SS do.. 1, 228, 500 
IPOMLACECACOmeras ess eee oe a fo ein do.. . 314,930 | Sodium hydroxide......s._ 2... = do.- 1, 097, 688 
Sadashe 4... pel seous eect eh se sk doz.) "106,080" A Citriencidt. = 2 Asse! eee See do-_. 48, 913 
Sodium phosphate....-.............- do_. 74,000 |) Triethyiamine... 0. 2.20 ee ee do-. 71, 435 
Potassimmalacerateuss= ss eee ae do_. 117604) Sodavashs ses s5 = fie Bey rears do-.- 19, 565 

Sultunic acid (OP... Feo oe do-. 316, 225 

Hydrochloric acid, CPt. 2a dees do.. 298, 025 

Miethanolee «2s 2s oe eee aes gallons.. 248, 425 

Borleacld? ec Se Be ee ee Ibs... 182, 910 





Source: Applications for certificates of necessity filed by 2 manufacturers in 1952, 


Disposal of Fermentation Wastes 


The thousands of gallons of broth, from which antibiotics are re- 
covered, become a waste disposal problem. This broth contains 
mycelia, remnants of the nutrients used, and small quantities of the 
antibiotic. The vitamin B,. content of the residue from streptomyces 


48Wimer Gaden, Jr., “Biochemicals Processing,” Chemical Engineering, vol. 64, No. 5 
May 1957, p. 237 ff. 

Samuel C. Beesch and G. M. Shull, “Fermentation,” Industrial & Engineering Chemistry, 
vol. 47, No. 9, September 1955, p. 1872. 


49 ee Gaden, Jr., “Fermentation,” Chemical Engineering, vol. 63, No. 4, April 1956, 
p. i63 ff. 
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fermentation is sometimes recovered and used in animal feed supple- 
ments. Sometimes the mycelium is dried and sold, but more often, 
provision for disposal must be made. 

The broth cannot be dumped into a river because of the damage 
to aquatic life and the offensive odor of decomposing organic matter. 
The volume is too great for most sewage systems. One satisfactory 
waste disposal method is by trickling filters. This is reportedly less 
expensive than evaporation and incineration.*»° <A Pfizer plant is so 
located that waste broth can be piped into the ocean, but this is an 
exceptional advantage not enjoyed by most manufacturers. Provi- 
sion for burial of fermentation wastes is probably the general rule in 
the antibiotics industry, necessitating large areas of land adjacent to 
plant sites. 


Further Processing of Bulk Antibiotics 


After a pure crystalline antibiotic has been produced and stored 
in a sterile container, it may be further processed by the manu- 
facturer, or sold in bulk to other processors, for finishing into medi- 
‘eines, feed supplements, crop sprays, food preservatives, or other 
possible products.* The handling of antibiotics, once the pure bulk 
material has been produced, is similar to the handling of other drugs 
and medicines, and need not be described in detail. 





Certification by the Food and Drug Administration 


Antibiotics for medicinal use, like other drugs, are prepared in two 
major forms. One form is for injection and the other for oral ad- 
ministration. 

Purity and potency tests are made of the antibiotic output of each 
fermentation batch. With certain exceptions, samples of each batch 
are sent to Washington representatives of the companies who turn the 
samples over to the Food and Drug Administration for checking and 
certification of the batch. Batch certification is for potency and 
purity. Likewise, sample dosage forms are submitted by the processor 
to the Food and Drug Administration for certification of labeled 
potency and other tests. For tablets and capsules, potency and mois- 
ture tests are conducted. For injectable forms, tests for sterility, 
pyrogens (fever-producing material), toxicity, moisture and pH are 
conducted.*? 


50 Samuel C. Beesch and G. M. Shull, “Fermentation,” Industrial & Hngineering Chem- 
istry, vol. 47, No. 9, September 1955, p. 1872. 
| David Perlman, Arthur E. Tempel, Jr., and W. E. Brown, “Fermentation,” Industrial & 
Engineering Chemistry, vol. 45, No. 9, September 1953, pp. 1961, 1962. 

51 Only chlortetracycline and oxytetracycline have been approved by the Food and Drug 
Administration for use as a food preservative. This use is limited to dipping of dressed 
poultry. No approval has been given for use of any antibiotic as a fish preservative. 
The Food and Drug Administration has approved the use of antibiotics as crop sprays so 
long as no residue remains on the food—when it does it is regarded as contamination by 
the Food and Drug Administration. 

52 The antibiotics required to be certified under section 507 of the Federal Food, Drug, 
and Cosmetic Act are penicillin (except crystalline forms of sodium and potassium peni- 
cillin when not combined with an antibiotic requiring certification), streptomycin, dihydro- 
' streptomycin, chloramphenicol, tetracycline, chlortetracycline, and bacitracin. 
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Before a new antibiotic substance can be marketed, it must be: 
submitted to the Food and Drug Administration with a complete: 
dossier covering all clinical and pharmacological] tests which have: 
been made by the manufacturer. When Food and Drug approves: 
a substance it also establishes the period of stability of the antibiotic: 
and requires that the product be dated to show the length of time: 
of full potency. As products have been improved, stability periods: 
have increased and, upon application by the manufacturers supported . 
by proof, the Food and Drug has from time to time extended the 
“expiration date” of the product. Many items have now proved to 
be stable for as long as 5 years at room temperature, which is in 
sharp contrast to the situation in the 1940’s when products were often 
stable for only a few months and then only when refrigerated. 

Table 31 is illustrative. It shows the expiration date originally 
established for certain items (as published in the Federal Register) 
and the increasingly long periods of product stability authorized 
by the Food and Drug Administration and published in subsequent 
issues of the Federal Register. The table lists only a few products 
as examples. 


TABLE 31.—Increased product stability for selected items as reflected in expira- 
tion date changes authorized by Food and Drug Administration 


SS Se Se ee Bee 


Expiration Federal 


Product date Register 
(months) 
a | ee 
Buiered pentciilin powder - <2. 20.2.5... Se ee be 12 | Dec. 30, 1948 


18 | Aug. 3, 1950 
24 | June 28, 1952 
36 | Nov. 18, 1953 


Ponlciiliy olipment:).c72)°2 ih 0 ee. Ee eae Or) ae 16 | Sept. 1,1945 
112 | Nov. 29, 1947 

12} Feb. 2,1950 

18 | Dec. 16, 1950 

24} Jan. 65,1952 

136 | July 25, 1953 


Penicillin with streptomycin aqueous injection (dry form) 2 5 eo Fe 12 | Aug. 23, 1950 
24 | May 20, 1952 
36 | Apr. 15, 1953 
48 | Dec. 11, 1953 
60 | Feb. 20, 1957 


Chlortetracycline calcium sirup (oral).........-..-.---.------------..-........ 12 bes = te 
18 pr. 17,195 
24 | Mar. 22, 1957 


Chlottetracy cline capsules. 2004220 2 i es 12 | Aug. 13, 1949 


24 | Oct. 5,1951 | 


86 | Apr. 12, 1952 
48 | Sept. 10, 1953 
60 | Oct. 6, 1955 


Tetracycline hydrochloride ora] SUSPORSION 2.2L. o i oo ba ed 12 | July 13, 1954 ) 


24 | Jan. 27,1956 


Hie woes stdrdtwnecose wae tual ge eeae otk. Seeeeeny 12 | Aug. 13, 1949 
48 | Aug. 20, 1953 
60 | June 18, 1954 


Chloramphenicol palmitate oral suspension. 2.< 20.0 ea aL es 12 | Aug. 14, 1951 
18 | Sept. 5, 1952 
24 | Aug. 20, 1953 
36 | June 18, 1954 
48 | Apr. 12,1955. 


Chloramphenicol capsules 


1 When under refrigeration, 


CHAPTER V 


Marketing Program of Antibiotics 
Manufacturers 


Antibiotic drugs are promoted and sold in the same manner, and 
through the same channels of distribution, as are other pharma- 
iceutical products. The word “promotion,” as used in this chapter, 
isignifies the efforts of drug manufacturers to sell their products. 
Methods used in promotional activities are largely determined by 
the type of product to be distributed. In the field of pharmaceuticals, 
there are two general groups of Dogue: (1) Those designated as 
“ethical” drugs, and (2) those classified as “proprietary” drugs. 
“Ethical” drugs may be purchased from the druggist only upon 
presentation of a physician’s prescription, or are dispensed only upon 
the recommendation of a physician.t Such “ethical” products are 
advertised primarily to physicians and to the drug trade. 
“Proprietary” drugs are those which may be purchased from the 
druggist without a physician’s prescription. These products are ad- 
vertised to the general public, as well as to the drug trade.’ 
Antibiotics, generally, may be classified as ethical products. True, 
some antibiotics, particularly in the form of ointments, salves, and 
lozenges, are sold over the counter without a prescription because the 
antibiotic content of these preparations is so small as to preclude any 
‘untoward reaction on the part of the user. These over-the-counter 
‘sales are not considered in this chapter, since the total value of sales 
of such proprietary antibiotic products, according to the 1954 Census 
of Manufacturers, was less than 1 percent of all antibiotic products 
sold.? 

A significant increase in the sale of ethical drugs occurred between 
1947 and 1954. In 1947, about 61 percent of the dollar value of 
: shipments of pharmaceutical preparations was in the ethical category, 
while in 1954 ethical preparations amounted to 72 percent of the 
total dollar value of shipments.* 

The increasing use of such new products as sulfonamides, anti- 
biotics, tranquilizers, and hormones is one of the principal reasons 




















1John G. Glover and William B. Cornell, “The Pharmaceutical Industry,’ The Develop- 
ment of American Industries, Prentice-Hall, Inc., New York, 1951, p. 459. 
2Ibid., p. 459. 
8 Department of Commerce, Bureau of the Census, Census of Manufactures, 1954, Bulle- 
tin MC-28C, Drugs and Medicines, p. 10. 
« Thid. 
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why the proportion of ethical drug sales to proprietary sales has 
been increasing in recent years.° 

Two of the principal purposes of this chapter are: (1) to indicate 
the particular antibiotic products (including trademarked brands of 
the same product) which have been promoted since 1945, including 
the time periods during which such products have been promoted; 
and (2) to describe the methods used in promoting these products. In 
order to accomplish both of these objectives, a survey of advertising of 
antibiotics in the Journal of the American Medical Association from 
1945 through 1957 is incorporated in the section on journal advertis- 
ing. Two other principal means of promoting antibiotics, detailing 
and direct mail, are described and discussed, but without extended 
reference to their use in the promotion of specific antibiotics. Al- 
though it is realized that journal advertising accounts for a smaller 
percentage of budget allocations for promotion than either detailing 
or direct mail, it affords a readily accessible and objective source 
of information regarding the promotional effort which has been de- 
voted to particular antibiotics. 


Promotional and Selling Efforts Directed Toward 
Physicians and Druggists 


Promotional and selling efforts of ethical drug manufacturers are di- 
rected toward the medical profession® and pharmacists. Successful 
appeal to the physician is the primary objective. The unusual fea- 
ture of this situation is that the physician himself is not normally the 
purchaser and consumer of the product.’ However, without the phy- 
sician’s prescription, ethical drugs cannot legally be made available 
to the ultimate purchaser. 

“Kighty percent or more” of the advertising “effort” of Abbott Lab- 
oratories, one of the leading manufacturers of pharmaceuticals, “is di- 
rected to physicians.” The remainder is devoted to advertising to 
pharmacists, hospitals, veterinarians, dentists, and a very little to 
nurses.® 

Modern Medicine Publications, Inc., sponsored a study of the factors. 
which influence the selection of pharmaceutical products.? For this 

5 Ibid. 

®The term “medical profession,” as used in this chapter, includes not only practicing 


physicians but also dentists, hospital and clinical personnel, and student groups training 
for these fields. Advertising and promotion of antibiotics to veterinarians is not discussed 
in this chapter. 

*Theodore Caplow, “Market Attitudes: A Research Report From the Medical Field,” 
Harvard Business Review, November—December 1952, p. 105. 

® Charles S. Downs, “Direct Results From Direct Advertising,” Drug & Cosmetic In- © 
dustry, September 1954, p. 316. . 

® Theodore Caplow and John J. Raymond, “Factors Influencing the Selection of Pharma- 
ceutical Products,” Journal of Marketing, July 1954, pp. 18-23. ° Table on Pp. 22. a 
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study 182 physicians in the Midwest were interviewed to obtain a de- 
tailed picture of how physicians make their decisions about adver- 
tised therapeutic products. It must be borne in mind that this survey 
covered only a small sample of physicians, in one section of the coun- 
try, and that it covered all pharmaceuticals rather than just anti- 
biotics. One of the principal areas of interest in this study was the 
importance of each of the various channels of communication in pro- 
viding the physician with information about drugs. 

The first conclusion drawn from the study was that “ethical pharma- 
ceutical products are normally adopted in response to the combined 
stimulus of several forms of advertising or communication.” In only 
about 20 percent of the cases where new drugs were adopted was a sin- 
gle medium sufficient to secure the adoption. Detail men proved to be 
the strongest single influence in introducing new drugs, having intro- 
duced twice as many as direct mail and six times as many as journal 
advertising. 

The second conclusion reached regarding product adoption was that 
“the relative influence of each advertising medium in stimulating the 
continued use of a pharmaceutical product is entirely different from 
its relative influence in introducing the same products.” 

While detail men are the most important means of introducing a 
product, other media, particularly journal advertising, are important 
in maintaining the doctor’s allegiance to the product. 

A basic part of this study involved an evaluation of the reasons 
for adopting a new product in preference to what the physician had 
been using previously. The following table which lists the motivating 
factors for making the switch indicates that the emphasis is placed 
on “operational characteristics” rather than “brand, price, packaging, 
or popularity” : 


Classification Number Percent ! 

PLpELlOMUNCrApelliC Cle Cta- 44. fas Jo cease eases poe aee Soe Sooke sooo abasuede 213 56. 5 
Sideronects: (DEESENCE:OF ADSCNCE) eso 7-2 Soles eee see anon ees LS 57 15.1 
I ASETOIGACIMEMIS tH LOM oe ot ee i Ne hk es Se Be 54 14.3 
EPTU VOY i as ape sO yk Oe SEE Be Ba Sea a Me Rs aPC re OO oO lO 9 2. 4 
AO (EIEIO C10 COR UTI NOU SC pment a wees Seah TB So ae ya cee ees if 1.9 
Conidenceyince tail maine es eee 5 a tS I ee eee 3 0.8 
ERK PEMOM Lal SPUN MOSSE ee ant oes aoe ae ae oem ee a sass ene eercasoos 8 21 
| ADUEUSUOE FOV RON CEROCSV OGLE) shag er UI a ay Day eg ey A ce nee 10 2.7 
QA ESP FOO INET NSIS SES Se a eRe Ca Ue i SI ee ee ee 16 4.2 

Oude eres eee er Se Se oe GR es Toa sae a Seeker ee = ee On Se 377 100.0 


1 Percentages calculated by Federal Trade Commission. 


An important practical consideration makes concurrent advertising 
to retail druggists and physicians a vital necessity for manufacturers 
of ethical drug products. The nature of this practical consideration 
has been stated as follows: *° 


10 Paul Klempter, ‘‘How an ‘Ethical’ Agency Operates,” Advertising Agency and Adver- 
tising & Selling, July 1952, pp. 81, 1382. 
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Drug-trade advertising is more important to the success of an “ethical” 
product than is generally realized. Although it is the physician who activates 
the sale, it is the druggist who actually rings the cash register. If the product 


which a physician prescribes is not in stock at the local drug store and the > 


druggist cannot get it quickly from his jobber, a most unfortunate series of 
sales-kiling events can take place. The druggist, of course, is not at liberty 
to change the physician’s prescription. But he is free to phone the prescribing 
physician, suggesting a change to a competing product. When this happens, 
more harm is done than simply the loss of a single sale. Neither the physician 
nor the pharmacist appreciates being placed in this position, and their future 
attitude toward the original product can be most uncooperative. Thus, adequate 
drug-trade distribution must parallel the promotional campaign to physicians, 
and advertising to druggists plays an essential part in achieving this distribution. 

Mass media, such as general magazines, newspapers, and network 
radio and TV, are not suitable for attracting and preserving the atten- 


tion of these two relatively small groups. 


Expenditures for Promotion 


Promotion and selling expenses in the pharmaceutical industry 
and specifically in antibiotics account for a significant portion of 
the sales dollar. The ratio of these expenses to net sales varies by 
product, by company, and by year, The amount of money spent for 
such items as salesmen’s compensation, advertising, and other com- 
ponents of selling and promotion depends on several factors: whether 
a product is (a) an exclusive or semiexclusive medical specialty, (0) 
a new product requiring extensive personal contact with doctors, (c) 
an already established product, or (d@) a combination of conditions 
(a) and (0) or (a) and (c). 

In response to a request by the Federal Trade Commission," eight 
companies submitted information on their selling and promotional 
expenses for antibiotics. In 1956, these companies accounted for 
approximately 67 percent of the total net sales of antibiotics for 
the group surveyed. 

According to the representations made by these companies, their 
promotional expenditures for antibiotics in 1956 ranged between 9.6 
and 30.7 percent of total sales. They were allocated as follows: 
Paes teen Ree TOT 


Percent of Percent of 


Item selling and total net 
promotion sales 

ee ee ea 
palesmen’s compensation 2.31.5. cist. obo ae ee ee 43.7 9.0 
OMOF SONS CX DOMBOG ao 258 2 a dace A eee Lee ee A 27.2 5.6 
omipies: dot fis canck sds Sees IR) ie eee en ee en rea 2.3 
eC Ps oe a he 8 ak co) gl a 7.8 1.6 
PPA CHa at ean t< nos lgscesn ed, aNd ae DEC HAC AE 10. 2: 2.1 

mPOGAR Sa EtUboasvalh 12 OL ee eee 4) ree 100.0 20. 6 


u WTC data request, 1957, 
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These data indicate that the largest single promotional expense item 
for antibiotics by the eight manufacturers in the year 1956 was the 
compensation of salesmen. 

The average percentage, 20.6, is identical with the average of pro- 
motional expenditures for 23 pharmaceutical firms, as reported in 
Modern Medicine Topics in July 1957.12. The range of the percentages 
of these 23 companies was between 5.0 percent and 42.0 percent of 
total sales. 

In the promotion of antibiotics, as in the promotion of pharmaceuti- 
cals generally, a decision must first be made as to which products to 
promote at any particular time, and next how much money and effort 
to put into each of the several channels of promotion. <A typical pro- 
motional allocation for an ethical drug may be as follows: * 


Percent of promotional 


udget 
Method pe alee tie 
New product | Old product 

PC RCOT AeSe lian oma Se ees pene SOL Rina orm mse Lom ne es 2 ee A 15° 0p | a ase one 
MPEETICN GO URUCT USI sia ee ok hen a sks eet ee et) Fe 10 15 
PERSO AIT AU eee ne mans 4 Sel ek ee Vee MN ec Ee NL pee 2 ge alee 15 70 
Be MCS OLOUIOLI Ol CeVicesl. 42422 ee tee ae eect Rees eh 10 10 
BEKHa OLE StaMGeCOMVyOntlOmSe. tases ee Se i ae eee NO Apes s See soe 
(7) GLOORS 2s ree ee aap ae ee em rs te aS Mike eRe a ede ane etek Oe Cees Aare SO 5 5 


It has been said that for every hundred products introduced, only 
8 will be among the high-profit makers and best prescriptions sellers, 
7 to 10 will pay their own way, and the others will fail.* This 
situation emphasizes the significance of the timing and direction of 
the promotional effort. The decision as to how much money and 
effort is to be put into each of the several channels of promotion is 
of prime importance. 

Today, a manufacturer who introduces a new product must com- 
pete with products already well established or with extensively pro- 
moted brands of the same product offered by other manufacturers. 
A. greater effort is required to introduce a new, unknown drug than 
is necessary to remind the medical and pharmaceutical professions 
of the availability of the established product. 

The above allocations suggest that when a new product is intro- 
duced, the manufacturer probably emphasizes personal contact with 
physicians and druggists through his detail men. The function of 
the detail man is to explain to the doctor and the pharmacist the 
therapeutic advantages and utility of the new drug. It is likely that 

2% Modern Medicine Topics, July 1957. This publication is a monthly report compiled 
by Modern Medicine Publications, Inc., Market Research Department. 

13Thomas A. Staudt, “The Promotional Mix,’? Drug & Cosmetic Industry, May 1957, 


p. 604. 
44 Tbid. 
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physicians and pharmacists, through reports of clinical studies and 
other sources, will already have heard of the acca and will welcome 
an opportunity to discuss it. 

Some idea of the allocation of promotional expenditures among the 
various media when a new antibiotic product is introduced is afforded 
by a pharmaceutical marketing study sponsored by the American 
Medical Association in 1954-55.° Five manufacturers of ethical 
drugs cooperated in this study: Ciba Pharmaceutical Products, Inc., 
Eaton Laboratories, Geigy Pharmaceuticals, Lederle Laboratories D1- 
vision of American Cyanamid Co., and The Upjohn Co. Although 
the study proper was restricted to one market area in the vicinity of 
Fond du Lac, Wis., data were reported as to the total national pro- 
motional expenditure during a selected initial period of approxi- 
mately a year after each of four ethical drugs were introduced. 
Total national promotional expenses for the fifth drug, Furadantin, 
were not made available. 

The one antibiotic drug included in the study was Achromycin, 
Cyanamid’s brand of tetracycline. As reported in the Fond du 
Lac Study, the first-year promotional budget for Achromycin totaled 
about $2,447,000. This amount was allocated among the various 
media as follows: ** 


(DetaiMe ese. 5 SS foe as oe eet eee Oe opin See eee eee a $1, 026, 000 
I CLL! 101 7 Eat ements CG ee, en a PRPC er STs eee Nee ows 851, 000 
Medien] journal advertisine...2. 20522. 2508 2 see ee eee ee 470, 000 
Exhibits at medical meetings <0 5 oct Vas Pees eee 100, 000 


Included in the expenditures for detailing were outlays for litera- 
ture and the cost of free samples of Achromycin which were dis- 
tributed. According to the Fond du Lac Study, monthly expenses 
for detailing were $85,500 during the initial 12 months of Achromycin 
promotion. The following opinions were reported by the marketing 
organization which conducted the Fond du Lac Study: * 

A well-posted advertising authority referring to the broad spectrum antibiotics 
states that these products “had probably the largest promotional budgets ever 
used in the industry.” <A detail man remarked that ‘Lederle [American Cyan- 
amid] was interested in bombarding physicians with the Achromycin name and 
we did just that and got the name across. We swamped them with Achromycin.” 

Lhe direct mail budget of $851,000 permitted 105 mailings, an 
average of two per week, to the full list of M. D.’s in the nation. 
There were also 7 mailings to dentists and 2 mailings to druggists.?° 


* “The Fond du Lae Study,” a basic marketing study presented by the American Medi- 
cal Association, conducted by Ben Gaffin & Associates. Results were made available in 
1956. Hereafter in citing this source, reference will be made only to the Fond du Lac 
Study and the particular report of this study used as source. 

ea Achromycin Story,” the Fond du Lac Study, Report No. 12, 1956, p. 2. 

i 

20 Ibid. 
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Medical journal advertising was allocated among publications as 
follows: 26 insertions in the Journal of the American Medical Asso- 
ciation, and monthly insertions in Modern Medicine, Medical Eco- 
nomics, 116 county journals, all State journals, regional journals, and 
most specialty journals. The amount expended on this medium of 
advertising during the first year of Achromycin promotion was 
$470,000, according to the Fond du Lac Study. 


Sales Promotion Techniques 


Journal Advertising 


In order to illustrate the nature and extent of advertising of anti- 
biotics in medical journals during the years 1945-57, a page-by-page 
study of advertising in one of the nation’s leading medical journals 
was undertaken by the Federal Trade Commission. For this purpose, 
‘the Journal of the American Medical Association was selected be- 
cause of its wide circulation among practicing physicians and because 
of its relative frequency of publication, as compared with other med- 
ical publications and journals. 

The aim of this survey was twofold—(1) to determine the ratio 
between advertising of antibiotics and advertising of other ethical 
products in the Journal by those pharmaceutical houses which manu- 
facture both groups of products; and (2) to determine the antibiotics 
advertised most heavily in the Journal during particular years, 

The year 1950 marked a significant shift, with respect both to the 
type of product advertised in the Journal and the manufacturers ad- 
vertising most heavily. For this reason antibiotics advertising in 
ithe Journal will be discussed with reference to two time periods: 
(1) 1945-49; and (2) 1950-57. 

The period 1945-49.—Table 32, below, presents a tabulation of ad- 
vertising pages purchased in the Journal between 1945 and 1949 by 15 
manufacturers of antibiotics. Most of these companies manufactured 
many other prescription drug products in addition to antibiotics 
during these years. 

Four antibiotics were advertised in the Journal during 1945-49, 
inclusive: penicillin, streptomycin, dihydrostreptomycin, and tyro- 
thricin. These were the principal antibiotics marketed during most 
of these years, although by 1949 two broad spectrums, Aureomycin 
-and Chloromycetin, were reaching the market. Penicillin was by far 
the most heavily advertised of the four products during each of these 
years, attaining its maximum in 1947 when 98 pages of advertising of 
penicillin products appeared. Only 46 pages were devoted to the ad- 
vertising of penicillin in 1948, and a mere 23 pages appeared in 1949. 


31 Ibid. 
471425—58——10 
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Two observations may be made with respect to advertising of anti- 
biotics in the Journal between 1945-49: (1) Little emphasis was 
placed upon trademarks in this advertising; rather, the generic names 
penicillin, streptomycin, or tyrothricin, or “a complete line of peni- 
cillin [or streptomycin or tyrothricin] products” were emphasized by 
the advertiser. As will be seen, this type of advertising diminished 
after 1950, with the appearance of patented antibiotics marketed by 
only one company or by a few companies. (2) There was a steady 
decline in the amount of antibiotics advertising after 1947, both in 
terms of the total number of pages of such advertising and as a per- 
centage of total advertising in the Journal by the particular pharma- 
ceutical companies listed in table 32. 

The period 1950-57.—A comparison of advertising in the Journal 
of the American Medical Association by the companies surveyed in 
1950 and in 1957 reveals the extent to which the increasing importance 
of antibiotic products was reflected in advertising in the Journal. 
‘There were 61 pages of antibiotics advertising in 1950. Advertising 
of other pharmaceutical products by the companies surveyed occu- 
pied 336 pages of the Journal. Institutional advertising filled 50 
pages. The total number of pages of advertising in the Journal pur- 
chased by all companies surveyed in 1950 was 447. 


TABLE 33.—Advertising by antibiotics manufacturers in the Journal of the Ameri- 
can Medical Association: 1950 


[Number of pages] 
pore Strepto- Broad Other Institu- 
Manufacturer Penicillin mycin spectrum | products * onal Total 

of DLS R et ene seeee dese tee relly mpage acl perp Lemna ax eaeeeantersl | |espun epay Se enn | Uae aaa 49 1 50 
MESLC LIC Leeann ke Ae eee cn a eee eee ee fa ee AOA so FO 45 
21 NGS coe A = eae en Dspace Se Weems Ue Se 47 29 78 
EST) SS SR LOE NR ea 4 (71 fae ee pr ee 15 3 28 
PARK O NDA AS Wes oes ao = ae en ee Se 14 lol | PAS th eee: 32 
Repth 7 Ci See nana: ewes eas Se Ee 2 Seas Ta eS ee ay ey (pane re es eee 12 46 
PeATONGe OMIM ONseso ke ose aI oh eee aera AUS Hesse PRS et ad Dares sateen eee 23 
eer URAL) [reas ieee ent Ot gr ce ers ase | eee ere ee me Nar | a re DA Eaee ace ie 54 
BO IO Me eee nelle Be et eee Le ae Ge tees eats ak yee 22 5 28 
ney CL nee ee hee 5 tee ee Dates, Sete oes NS AE he oe ck aA: Gdnfeer rae LE. 63 

ROCA Sees tee a ee 7 6 48 336 50 447 


*Non-antibiotic. 


TABLE 34.—Advertising by antibiotics manufacturers in the Journal of the Ameri- 
can Medical Association: 1951 


[Number of pages] 


Peni- | Strepto- Baci- Broad Other | Institu- 
Manufacturer cillin mycin | tracin | spectrum! products] tional | Total 

J. (DISC S2 e eeee e eeee OM eee eae Se Se eas ee bY fa eerie bP 67 
Maiiiimercial-SOlVGMtSi. 22.28 6 a8 en ooo nea eec nese oe P ja Eee ee ree 1 eae 3 
PROT Cae ire cece el PR bi 2 eee (Ee Ao ee tol a NL So 26 a) ecg eee 76 
Bet yet ent helms ree Lt Doyle eps a esl (Mae ta Ua ean| | ert eee aR 47 25 74 
ME TC KOR ny Mee ee ke he DE en ae Taos eae silos Mee 2 dpe tee 10} emcee tae 33 
BEEK al) UVAS We cae he be ee ee ceeoeR cases des aeeewe 11 1 Ut paces ea ae 26 
CHES la WIS Rs I SMS SB yaa | Ek re pepe gar: IE a cay (re ee Bo ee (U1 || eae met et 1 100 
BEAL Ore) OMIM Cr yee ss oe Rete a Ac ae see re on coe Sue 10 18 28 
(ENO gnereyan ste ie, ihe papa et Sth ghl AaeRitet (A lai. iol ts er eaten Nee aR (ie ent are 39 4 43 
OM M se se ess ae ee ce Ree eae eee ee Ee tee el eS eee 37 1 38 
ee lee ie ee Skat Snap ese Cen te Nee ees oan Soe afaucwagn aos CY a ean 67 
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TABLE 35.—Advertising by antibiotics manufacturers in the Journal of the Ameri- 
can Medical Association: 1952 





[Number of pages] 
Manufacturer Penicillin | Strepto- Broad Other Institu- Total 
mycin spectrum | products tional 

INDHOtESSeeL ee ses ses toe eae eee AN: SAS SUE RRA Sak 2 Sen 60 1 65 
NGOO CTO nt. 28s 5 on Sa el Oe ee eel a Se oe nee ee FT fog Vater sey 72 
AN eee Fe Ae ee OR 2 4 25 44 24 74 
IVICRG Ki ee eek eS ee ee ae 4 Ars eet ik ae (oe Pe 75 
Warne Oavise ck o-~ bee ae ese S oe ee eee ee eee toe 21 BON csi cue oe aoe 47 
SA Seg te Sera Mine 2 Oe leh) Seite ON es ee see Rel aa ee CAV ie ei aegis 1 228 298 
Sharpie Dohme: &.2 se ae es Se ee Bone ec eaeeosee =e 22 2 24 
SOUIDD2 ese oe ou eee See Lice oote. 2s eee ees 15 15 42 
Wipionnke ste. 2 eee ee AN BRS SVS BLAS Ae 7 eee ee fe eae ee, 54 
Wiyeth: sous. deen lobes ca ee ee eee ee Cah [ee ae a 45 
TOtAl ace hsscunetesenetees 26 8 116 376 270 796 





10On June 21, 1952, Pfizer began publishing its house magazine Spectrum as a 12- to 16-page insert in the 
Journal on a semimonthly basis. 


TABLE 36.—Advertising by antibiotics manufacturers in the Journal of the Ameri- 
can Medical Association: 1953 


[Number of pages] 
Penicil- Other 
Manufacturer lin spe- | Strepto- | Broad antibi- Other Institu- | Total 
cialties mycin | spectrum! otic spe- | products | tional 

cialties 
IND DOG eee tee ee Meee 1 H a| Apes Sega A 75 (A aa 151 
Commercial SolventsSss: occ. s5 255 case snes a |e oe ee cell ee a eee eee ieee nee 1 
Wederles cet a. A oh oe Same Alle ei A ai PZ 7. al Noa es eae 28 22 74 
CAT lp Ae Sa os cows nd ec yt (ecg pn SP ee sik 32 OE in os Se 58 
INTORCKEE are oe eee ae eee eee 1] Jp ep eae ey | Mi 51 4 58 
PAE KC OE) AVS ie. oy ae! ee ae MES Sie, memes ee Ree Iii Mei ean ote 20 4 29 
E05) ie ae a, a aL Ep cet Paap ae |S eee oe Wa 2s Se ad (ee nape eo | ga 2 579 579 
Sharp dD ONMCs outa wa see ees eee | ees 2d |e ae en | ee eee WQe|e Reve ses 10 
SOU bss: as ae See eh = Oh i eae ee eel ee el eee 1 re ie SE 13 
Wiplohns. jee ee ee eee Oy reer Nd Oe a oe eee eee GLU Tee eee 70 
AY 1/721 Fl Ve eee a a nd SE Ces Ow oc eee sales ic Lee tll ee ees SYA aoe es 42 
HROtal: Satta es ee eee 13 3 29 107 324 609 1, 085 


1 Not a specialty penicillin. 
2 48 editions of Spectrum totaling 579 pages. Antibiotics advertised: Terramycin, Permapen, polymyxin 
bacitracin, streptomycin, dihydrostreptomycin, and Magnamycin. 


TABLE 37.—Advertising by antibiotics manufacturers in the Journal of the Ameri- 
can Medical Association: 1954 





[Number of pages] 
Penicillin Boad Other Other Institu- 
Manufacturer specialties | spectrum }| antibiotic | products tional Total 
specialties 

21.1010 Ses pepe in pepe Nace) Se et aE NC ARIE Cie mec| pehe eek ute ie. eae 105 74 10 189 
UCU CTLCS ee Or. ARETE Oot Pe ER 2 ee Sf ene ee DA ee 2 151 
ri) Kies ees a era ae Roney Sen EE Steir = ge AE aly | bE Um pte 56 8) | eae ea Ne 85 
INUCT CK ae eee oe ey mets ee et | een en Ee ree nn CERRO eR SIFIeos eee 81 
Parke: DavaSuacee.. ou lee Sou ee A eS Se ee 16 32 
| Ue] erin eer oe ae IME ae | Ton on, La tu ae mUMGT Ey Eia ernie Sly Cle: ete 1 540 540 
Squibb 5 ee eee ee ath sc Lede eee Sh OE era eee Gl | ee ay, et eee th | eeeieaee Bop Wen}. (0h Bettany: say oa 13 
Wipiohmnaete 2 eh Se WP Fecha ene ree eet ee, ee | 119 2 124 
Way OUliass sone in caee e aes LO) baer rik Oe ne Ree Ih ea BSS 45 1 55 
FINO CO fed eats Fee 12 111 169 423 555 1, 270 





1 45 editions of Spectrum totaling 540 pages. 
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TABLE 38.—Advertising by antibiotics manufacturers in the Journal of the Ameri- 
can Medical Association: 1955 


[Number of pages] 


Penicillin Broad Other Other Institu- 
Manufacturer specialties | spectrum | antibiotic | products tional Total 
specialties 

BIG Gite ee eS ALN IN eR eee eRe ce EEN eet a 46 93 13 152 
BROCCO mena nsine ta te ceases heer none sae Melee oes coe (Ue Ee ee ere 181 
SSS SE eee eee se Of OPES Soe ares 29 > Jet Re ae ama eh 60 
BOICT Chama ee Batre R OD ene eae kate cal Se seowes aces Sonu se cee aes 48 18 66 
ALK OSD) VASE ate ets - Bete ee Ree aL eE ou eS OSulPes fosey sas 3 14 75 
BRaa els (2 Teper eee A ce oe Sa Scie ren ee | he et eka echoes ere renee ine 1 §28 §28 
BertO Deseo s eee 5 ee | da fase SE 3 17 3 34 
BPM GIK De foro ee nk ee ok eee OSN Sc saee cso aae SON oo ee suse 178 
CGN eee! S645 co Se. Besos 52 Sates Spee 5S ke See One ake coe 88 
ROtalinc sek 8. Soccer ea te 32 273 78 403 576 1, 362 


1 44 editions of Spectrum totaling 528 pages. 


TABLE 39.—Advertising by antibiotics manufacturers in the Journal of the Ameri- 
can Medical Association: 1956 


[Number of pages] 
Penicillin Broad Other Other Institu- 
Manufacturer specialties | spectrum | antibiotic | products tional Total 
specialties 
PMD DO thes See oe ee Saleh oe 52 81 9 147 
MCC ChIOr rata ean ee ee Ae FE ee LS tohyl (A ee ee cae ae 84 8 230 
LAL See ee eee eae ae Opleces sxe 13 OO nee ese cosas 52 
MIGROS 22 es SS ES 2 ee ee | ee ae nee ee Pode ee 35 1S0S tec 167 
SATE Onn) VAS eee meee OR es RE Sc se fGe| Sateen Senos 24 *22 122 
sl Ole eee Re PALER eS | AA, Le Se oe Gg eee ee ee 63 211 306 
“SO TEUIO) 05 5 See en ee pee en eee a es 16 40 3 32 1 92 
ei} O late ok 8 8 SS Se Sasa s Sens seb es So see |[Saceesseeess 29 ASR Ee ooo ee 77 
BBY CU se ees cok a eae eee: DDG Cie Semana ee em ee aoe | a aes 181 
MRO tA 2. so-so ek 59 286 132 646 251 1, 374 


*Pfizer discontinued insertion of Spectrum in the Journal during 1956. 


TABLE 40.—Advertising by antibiotics manufacturers in the Journal of the Ameri- 
can Medical Association: 1957 


[Number of pages] 
Penicillin Broad Other Other Institu- 
Manufacturer specialties | spectrum | antibiotic | products tional Total 
specialties 
SO AS ee nes Pio oy aera 36 102 7 168 
ase lene eye 5 ot, oo ee a See Ose OONeisabseteosce 133) 2 eR ae 103 
BECO OR Ot since ene ae ea oe Js Sass og | pee epee Te 110 20 224 
Ay Se Oe ee eee eee Or Se 8 9s oe 21 56 2 107 
“SCLC Ss le | a a pee oe, oe eae ge 9 S2ilbeeeoatencee 91 
EM 18s a oS esos teow onee esse OSi@eaoestass-ee3 75 21 164 
SIO lee nen ee es al oe eee Lo 4 8 46 10 68 
SS ERS aaah etiam a nies 7 86 3 47 5 148 
RROVOL Te eee so eoa NE Les eens ae ale nin PGniovscestleees CO ie ee an cole 76 
I a a mies, oi ae eee pene 146 37 224 
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By 1957, the number of pages of advertising of antibiotics had 
increased to 5384. On the other hand, advertising of other pharma- 
ceutical products occupied 737 pages, and institutional advertising 
102 pages. Thus, there was a more than sevenfold increase in the 
advertising of antibiotic products in the Journal by the companies 
surveyed between 1950 and 1957. Advertising of nonantibiotic 
pharmaceutical products in 1957 was little more than twice the 1950 
amount. A comparable increase occurred in institutional advertising. 

Tt was after 1950 that the broad spectrum antibiotics attained their 
great market significance. Erythromycin and novobiocin were first 
marketed during the period 1950 to 1957. The advertising of these 
two products and of broad spectrum antibiotics under their various 
trademarks and trade names accounted for most of the increase in 
total number of pages of antibiotics advertising purchased by the 
companies surveyed. 

The increase in advertising of penicillin products during these 
years is also noteworthy. In 1950, 7 pages were purchased for 
advertising penicillin. In 1957, 99 pages of advertising of peni- 
cillin products appeared. The trademarked specialties of partic- 
ular companies were emphasized in all of the 1957 advertising of 
penicillin; for example, Abbott used 23 pages in the Journal to 
advertise Compocillin V and Lilly advertised two trademarked peni- 
ceillin products: V-Cillin and V-Cillin K. These two products occu- 
pied 13 pages and 15 pages, respectively, in the Journal in 1957. 
Wyeth’s advertising of antibiotics was limited to its penicillin 
specialty products, namely, Bicillin and Pen-Vee, which filled 22 
pages and 19 pages, respectively. 


Reports of clinical studies 


Clinical studies are another important original source of infor- 
mation to the medical profession about new products. Articles re- 
porting the results of these studies can be and frequently are directly 
related to promotion of ethical drugs. These articles actually are 
scientific accounts of some particular characteristics or effects of a 
new drug product when administered to patients suffering from par- 
ticular maladies. Studies of this sort may be done by scientists in 
the employ of the manufacturer of the product, or they may be under- 
taken by independent physicians or by specialized clinics at the request 
of a manufacturer. e 


Direct mail advertising 


Direct mail advertising is one of the principal means of drug pro- 
motion. It is a very flexible technique, in the sense that the subject 
matter or the frequency of mailings can be quickly changed. There 
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are, furthermore, many different types of printed matter which may 
be used for direct mail advertising and promotion; for example, house 
magazines, newsletters, manuals, prescription blanks, and illustrated 
brochures and leaflets. 

Most of the leading pharmaceutical manufacturers which pro- 
duce antibiotics publish regular house magazines, printed on high- 
quality paper and with a very attractive format. Examples of these 
publications are Abbott’s “What’s New,” Upjohn’s “Scope Weekly,” 
“Squibb Memoranda,” Sharp & Dohme’s “Seminar,” Lilly’s “Physi- 
cians Bulletin,” Parke, Davis’ “Therapeutic Notes,” and Pfizer’s 
“Spectrum.” In an October 1952 article entitled “How To Play the 
House Organ,” Fortune Magazine comments: “There are house organs 
‘such as Scope, which the Upjohn Co. publishes for doctors, that are 
more elegant than any newsstand magazine.” 7? 

A second category of printed matter mailed to physicians or drug- 
gists may be classified as “service material.” The following are ex- 
amples of service material.” 

(1) Manuals relating to specific subjects; 
(2) Anatomical drawings or photographs; 
(83) Handbooks; 

(4) Reference books; 

(5) Descriptive catalogs; 

(6) Medical journal abstracts; 

(7) Printed prescription blanks. 

The third general category of direct mail advertisements encom- 
passes brochures and other matter designed for quick reading by the 
physician. They are usually elaborately illustrated, with the name of 

a particular product and indications for its use. 


Exhibits at conventions 


Still another area in which printed advertising matter is useful in 
the promotional effort is in supplementing or complementing exhibits 
at medical meetings. For most advertising budgets, this type of 
promotion represents a smaller proportion of the total allocation than 
other forms of promotion such as detailing, direct mail, and journal 

advertising. The first-year promotional budget for Achromycin, with 
$100,000 allocated for medical exhibits, out of a total of $2,447,000, 
has been previously discussed. 


The detailing system 


Undoubtedly the most important method used in promoting the 
sale of ethical drugs is detailing. It accounts for the largest share of 


2 Fortune, October 1952, p. 144. 


% Robert A. Hardt, “‘Product Development, Promotion, and Marketing,” Drug Research & 
- Development, New York ; Revere Publishing Co., 1948, p. 469. 
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the promotional dollar and appears to be the most effective means of 
selling. The detail man represents some particular pharmaceutical 
manufacturer. His job is to call upon physicians personally, intro- 
duce and promote new products to them, and answer questions relat- 
ing to his company’s products. He also serves as a channel of com- 
munication from the physician to the manufacturer. The principal 
function of the detail man has been described as follows: ”° 

The task of the detail man, however, is not merely educational or abstractly 
professional. Indeed, the major objective of detailing is the development of the 
doctor’s interest to the point where he will actually prescribe the product before 
him. For no matter how informed the detail man is or how well he explains 
the nature and purpose of the drug, no interview with the doctor can be termed 
suecessful unless it induces a prescription or sale. Of course, the prescription 
need not be written immediately, but, generally speaking, use of the product 
should follow the detail man’s call, or the interview may be considered a failure. 
This aspect should be emphasized in training. The detail man should be im- 
pressed with the fact that the primary, if not sole, purpose of his call is to develop 
prescriptions or recommendations for his company’s products. 

A typical detail man for one of the major pharmaceutical manufac- 
turers may have a territory which includes 200 doctors, 40 retail 
drugstores, and 10 hospitals. Some of the manufacturers have detail 
men who are assigned exclusively to hospitals. 

Available data indicate how extensive the detailing was when 
Achromycin, American Cyanamid’s brand of tetracycline, was first 
introduced in late 1953. The Cyanamid detail man in the area of Fond 
due Lac, Wis., had about 300 doctors in his territory and managed to 
see 150 or 160 of them every month, devoting the most attention to 
heavy prescribers. Some doctors were visited three times a month, 
some once a month, and others only occasionally. The largest volume 
druggist in the area was visited once a week, the least busy druggist 
once a year, with calls upon other druggists and pharmacists varying 
between these extremes. During his first visit the Cyanamid detail 
man checked to make sure that all pharmacists had received supplies 
of the 250-milligram capsule form of Achromycin. 

As other Achromycin products were added to the line later on, the 
detail man employed different detailing techniques with different 
doctors.**? Capsules and tablets would be shown to one doctor, and 
samples of the product left with him. As new dosage forms were 
introduced, the detail man would concentrate on one or the other of 
them; for example, the cherry-flavored oral suspension. Where doc- 
tors appeared to be disinterested in one dosage form, other dosage 

* Thomas H. Jones, “ ‘Detailing’ the Physician,’’ Drug Research & Development: Revere 
Publishing Co., New York, 1948, p. 520. 

* “Effectiveness of Promotion in a Medical Marketing Area,” a special report prepared 


for the American Medical Association by Ben Gaffin & Associates in 1956. 
7 Thid. 
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forms were shown tothem. Most of the physicians were already aware 
of Achromycin before the detail man’s visit, as a result of journal 
articles, journal advertising, and direct mail. 

Hight of the leading antibiotics manufacturers spent approximately 
$70 million for salesmen’s and detail men’s compensation and expenses. 
These 8 companies employed about 5,600 detail men.”* Taking into 
consideration the salaries of salesmen other than detail men (selling 
principally industrial chemicals and proprietary pharmaceuticals), 
travel allowances, and miscellaneous expenses, it seems likely that 
the average detail man receives about $7,000 per year in compensation. 
Most of the antibiotics manufacturers indicate that the detail men they 
employ receive a fixed salary, plus a bonus or commission. 

Estimates of the total number of detail men employed by pharma- 
ceutical manufacturers range from 10,000 to 12,000 of which about 
7,000 were employed by 10 of the companies which manufactured 
antibiotics in 1956. One manufacturer of antibiotics, Commercial 
Solvents Corp. does not employ detail men. Among the pharmaceuti- 
cal manufacturers which make antibiotics, there has been a substantial 
expansion in the sales forces in the last decade. This increase coin- 
cided with the introduction of antibiotics, hormones, tranquilizers, 
and many other new ethical pharmaceutical products. 

It has been estimated that the cost of calling on a physician is 
probably between $6.50 and $7.50 per call.?° If the lower cost per 
call is used, the annual cost of calling on each of the approximately 
150,000 practicing physicians in this country 6 times a year would 
be about $6 million. 

It would appear that expenditures of this magnitude can generally 
be undertaken only by the large pharmaceutical manufacturers. 
Smaller firms are, therefore, forced to compromise either by calling on 
fewer physicians or by spacing their calls at longer intervals. 


Distribution of free samples 


The vice president of Abbott Laboratories has stated “* * * there 
is a sort of sales magic in samples.” *° He describes the advertising 
importance of drug samples in the following language: * 


Place a sample in the hands of the physician, or, in appropriate cases, the 
dentist, nurse, or veterinarian. Let the prospect see, handle, taste, smell, or feel 
the product. The sample may be small, far too small in many instances to ob- 
serve its effect upon even one patient. Despite this, the sample in many in- 
stances will do more than any other type of advertisement to register the name 


23HTC data request, 1957. 

2 John D. McEvilla, “Competition in the American Pharmaceutical Industry,’ Ph. D. 
thesis, University of Pittsburgh, 1957, p. 123. 

30 Charles S. Downs, ‘“‘Advertising,’’ Drug Research & Development, Revere Publishing 
Co., New York, 1948, p. 485. 

81 Tbid. 
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of the product and its uses in the prospect’s mind. Practically the only ethical 
drug products whose sales will not be benefited greatly by sampling are the rare 
medicaments distinguished by advantages so great that in simple justice to the 
patient their actual use is called for. 

When American Cyanamid introduced Aureomycin in 1948, 10 car- 
loads of samples were mailed to about 142,000 physicians. It has been 
estimated that the cost of the product alone was about 2 million 
dollars.* 


Miscellaneous promotional techniques 


Several methods of promotion cannot be classified under any of 
the headings previously discussed. These methods are important, 
however, and deserving of mention. Among these methods are the 
following : 

(1) Sponsorship of regional or local medical meetings in co- 
operation with regional or local medical societies. 

(2) Motion pictures. 

(3) Closed-circuit television programs. 

(4) Guided tours and lectures. 

(5) Novelties, 


The Introduction of Terramycin 


An outstanding example of successful promotion in ethical drugs 
was the introduction of Terramycin. Prior to 1950, Chas. Pfizer & 
Co., Inc., did not sell drug products under its own label to the retail 
drug trade. By 1957, Pfizer had become one of the leading sellers in the 
market for packaged trademarked antibiotic products. The success of 
Pfizer’s promotion of Terramycin, described by Business Week as “The 
Terramycin Blitz” ** played no small part in Pfizer’s entry into the 
sale of antibiotics to the wholesale and retail drug trade. This cam- 
paign will be described in some detail in order to show how the pro- 
motional techniques heretofore discussed may be effectively utilized 
in attaining the advertiser’s objectives. When Pfizer’s research staff 
discovered and developed what appeared to be a highly promising new 
antibiotic, Terramycin, which no competitors would be able to market 
once Pfizer could obtain a product patent,** a decision had to be made 
as to how this product should be distributed. 

On February 9, 1950,** the Pfizer board of directors voted to change 
its traditional marketing policy, and commence selling directly to 

2 John D. McEvilla, “Competition in the American Pharmaceutical Industry,” Ph. D. 
thesis, University of Pittsburgh, 1957, p. 148. 


%3 Business Week, October 13, 1951. 


Pfizer did obtain a patent on this product in the summer of 1950. See pp. 232 for a 
more detailed discussion of the issuance of this patent. 
35 Sales Management, March 1, 1951, p. 76. 
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retailers, wholesalers, and hospitals, notwithstanding the fact that 
Pfizer had had no experience in selling directly to these groups and 
had no sales force adaquate to undertake the promotion of ethical 
drug products. The unfavorable aspect of this situation was that 
two formidable competitive products, Chloromycetin and Aureomy- 
cin, were already established in the market and were being inten- 
sively promoted by “two major competitors [Parke, Davis and 
Lederle] with a combined 1,300-man sales force and 137 years of 
retail trade distribution experience.” °° 

On March 15, 1950, the Pfizer sales organization was composed of 
a sales manager, an advertising manager, and eight detail men. A 
further complicating factor from Pfizer’s point of view was that 
although the end of March had been established as the deadline for 
introducing Terramycin to the market, Pfizer’s application submit- 
ting the product to the Food and Drug Administration had not yet 
been acted upon—and according to Federal law, a new drug may not 
legally be introduced into interstate commerce until the Food and 
Drug Administration has determined that the new drug is safe. 
Still another obstacle to promotion of the drug was the long-estab- 
lished policy of the Journal of the American Medical Association 
against advertising a product name before approval of the drug by 
by the American Medical Association. This approval had not yet 
been given for Terramycin. 

Confronted with the realities of the situation, Pfizer first retained 
the William Douglas McAdams advertising agency, which special- 
izes in the promotion of ethical drugs.*” Next, it was decided that 
the sales force could be most effectively utilized by concentrating its 
initial effort on one key point in the distribution system. In 1948, the 
market for ethical drugs was composed of the following groups: 


DN @le NOLS. 2 renee Be ee a Pe About 800. 
Recmreris ONC issa oo 2 se oe ele About 41,000. 
Ose talsss os eo ee ta a ge ig Noein ire ENE Net About 7,000. 
UDAIS (OLS Ri SO) GEA pd J sage gs a a 3B ie OY a SO EE at Se About 150,000. 


It was decided to concentrate efforts of Pfizer’s sales force on the 
wholesaler and then shift to hospitals. On March 15, telegrams were 
sent to individual wholesalers throughout the nation, alerting them 
that Pfizer would be able to release Terramycin for sale as soon as 
clearance came from the Food and Drug Administration.*® <A special 
telephone switchboard was installed by Pfizer in anticipation of ap- 
proval of the product. Immediately upon receiving clearance, on 
March 22, Pfizer’s eight-man detail staff commenced selling Terramy- 

36 Modern Packaging, May 1952, pp. 1388-142. 


37 Business Week, October 18, 1951, p. 134. 
$9 Thid., p. 136. 
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cin by telephone to leading wholesalers throughout the country. An 
added inducement to wholesalers, according to Business Week, was 
the offer of a “better than average discount.” 4° Within an hour after’ 
Food and Drug Administration’s release of Terramycin, the drug was 
being shipped to many wholesalers. Following completion of the 
detailing-by-telephone, Pfizer’s eight-man sales force, each man: 
equipped with elaborate visual aids, set out to contact all whole-- 
salers personally. Traveling by air, working at night and weekends, , 
the detailing force was able to complete the scheduled wholesale cir- - 
cuit in 2 weeks.4t Meanwhile, an extensive direct mail campaign fea- 

turing Terramycin was undertaken. For a period of 3 months,, 
mailings to retail druggists, wholesalers, physicians, and hospitals 

averaged over 1 a week, with as many as 2 or 3 mailings in some weeks. 

Not until July 27, 1950, did the American Medical Association give 
its approval to Terramycin. Until that date it was therefore impossi- 
ble to advertise Terramycin in the Journal of the American Medical 
Association. Commencing with the April 15, 1950, issue of the Jour- 
nal, however, Pfizer ran a series of institutional advertisements with 
“Terra” as the theme, for example, “Terra firma,” “Terra bona,” 
“Terra fertilis,” etc. This continued until July, when Pfizer was al- 
lowed to advertise its product “Terramycin.” 

The detailing of physicians remained a problem. By mid-April, 
the detailing force was composed of only 20 men, still far too small 
to permit effective detailing of individual physicians. To remedy the 
situation, a hospital promotion project was inaugurated. Displays 
presenting information about Terramycin were set up in hospital 
staff rooms, each display attended by a Pfizer detail man. This pro- 
cedure permitted the group detailing of many doctors in a compara- 
tively short time. Pfizer estimated that 30,000 physicians were con- 
tacted in this manner within a period of time during which only 
5,000 physicians could have been contacted had the customary method 
of individual detailing been followed.” 

By September of 1951, Pfizer had upped its sales force to include 
about 3800 detail men.** The success of Pfizer’s promotional] effort 
may be gauged from the fact that by 1951 Terramycin had captured 
about 24.4 percent of the total medicinal broad spectrum market. 
This compared with Aureomycin’s 48.5 percent and Chloromycetin’s 
27.1 percent of the market. Both of these last-named products were 
introduced more than 1 year prior to Terramycin. Nevertheless, as 
mentioned above, both Lederle and Parke, Davis had much larger sales 
forces, and a long history of ethical drug promotion. 






40 Ibid. 
#1 Sales Management, March 1, 1951, p. 78. 
42 Ibid. 
48 Business Week, October 31, 1951, p. 131. 
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Channels of Distribution 


In general, the marketing channels for ethical drugs and for pro- 
prietary drugs are similar. Both types move through wholesalers, 
retail drugstores, and hospital pharmacies. The principal differ- 
ence is that ethical drugs, except for the minor amount sold over the 
counter, are either dispensed by a physician or can be purchased only 
with a doctor’s prescription. 

Due to the scarcity of information concerning the distribution of 
antibiotics as a distinct group, this part of the chapter deals with 
the marketing of ethical drug products as a whole. 


Wholesaler 


The drug wholesaler plays an important part in the distribution 
of ethical preparations. The number of general-line drug wholesalers 
increased from 297 in 1939 to 304 in 1948, and to 392 in 1954. 
There were also 461 specialty-line drug wholesalers selling pharma- 
ceuticals in 1954.8 Sales of both groups in 1954 totaled about $1,400 
million, an increase of some $417 million over 1948.*° This figure in- 
cludes sales of pharmaceuticals and biologicals, proprietary medicines, 
druggists’ rubber goods, cosmetics, toiletries, and related merchandise. 
The total sales by drugstores in 1954 were about $5.3 billion, and 
the cost to the druggists of these goods was about $3.6 billion.*” This 
means that approximately one-third of the purchases of retailers 
were through wholesalers (since wholesalers’ sales were $1.3 billion 
and about 95 percent of these sales went to retailers). When the 
practice of direct purchasing by chain drugstores is taken into con- 
sideration, it would appear that approximately 50 percent of the pur- 
chases of individually owned drugstores were made through whole- 
salers.*8 
It has been estimated that about 35 percent of the total sales of 
wholesale druggists are in drugs, chemicals, and pharmaceuticals.” 
The wholesale drug operation of McKesson & Robbins accounts for 
about one-third of the sales of all wholesale drug houses. The total 
sales of McKesson & Robbins in 1956 were about $530 million, of 
which 65. percent, or about $345 million, was in wholesale drugs.®° 
There are several large local chains of wholesalers, among the largest 
being Southwestern Drug Corp. of Dallas; Fox-Vleit of Wichita, 
-Kans.; and Brunswig Drug of Los Angeles. 

45Department of Commerce, Bureau of the Census, Census of Business, 1954, Wholesale 
| Trade, Series PW 3-45. 


46 Thid. 

47Paul C. Olsen, Marketing Drug Products, Rutgers University Press, New Brunswick, 
| 1955, p. 209. 

48 Ibid. 

49 Tbid., p. 211. 

5 Moody’s Industrial Manual, 1957, p. 38 
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A study made by the Policy Committee of the Drug Industry dis-. 
closed that the wholesaler was the main supply source for prescription: 
chemicals. In the group of retail stores studied, the percentage of 
total purchases made from wholesalers ranged from 35.7 to 92.1 per- 
cent, with the average at 64.7 percent.** 


Retail drugstores 


According to an estimate made by Modern Medicine Publications, 
Inc., in 1953, about 25 percent of retail drugstore prescription sales 
were in antibiotics. Approximately 20 to 25 percent of the sales of 
all retail drugstores are in the prescription category, which means that 
about 5 percent of the average drugstore’s sales are in antibiotics. 
About 90 percent of all prescriptions are dispensed through drug- 
stores, and the remainder are dispensed by physicians, hospitals, and 
clinics.®? 

The significance of changes taking place in medicinals is indicated 
by this excerpt from Drug Store Operating Costs and Profits: 

Perhaps no other drugstore department has experienced the revolution that 
has taken place in the prescription department in the last several years. The 
introduction of countless new pharmaceutical specialties, particularly the sulfa 
drugs, antibiotics, antihistamines, and hormones, has changed the character of 
the druggist’s prescription business from a compounding to a dispensing opera- 
tion. Well over 80 percent of all prescription sales today are dispensed 
prescriptions.” 

The 1954 Census of Business reports a total of 44,511 retail drug- 
stores with payroll, doing a total sales volume of about $5 billion. 
This represents an increase of about 3,000 outlets and $1.5 billion in 
sales over 1948. The classification “drugstores with payroll” does 
not include the small stores which are operated as a family venture. 

The retail drugstores generally handle a full line of antibiotics. 
As mentioned previously, some of the antibiotics are sold over the 
counter and do not require a prescription. For the most part, these 
are antibiotics such as bacitracin, neomycin, and gramacidin, which 
are sold in ointments and salves intended for local application for 
minor infections and irritations. Penicillin and streptomycin, which 
are usually administered parenterally (by injection), are sold to 
physicians by the drugstore in ampoules or vials. These purchases 
by physicians are made either directly from the retail druggist or by 
use of a “turnover order” placed with the druggist by the sales repre- 
sentative of the pharmaceutical manufacturer. The broad spectrum 

51 Burley, Fisher, and Cox, Drug Store Operating Costs and Profits, McGraw Hill, New 


York, 1956, p. 238. 

52Paul C. Olsen, Marketing Drug Products, Rutgers University Press, New Brunswick, 
1955, p. 99. 

‘3 Burley, Fisher, and Cox, Drug Store Operating Costs and Profits, McGraw Hill, New 
York, 1956, p. 219. 
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antibiotics and some of the newer forms of penicillin are usually sold 
in tablet or capsule form for oral dosage. 

A recent survey indicates that the retail druggist is becoming an 
increasingly important source of information for the doctor.*+ The 
ethical pharmaceutical manufacturer recognizes this trend, and most 
of them are devoting an increasing amount of time calling on the 
retail druggist and acquainting him with their new products. Accord- 
ing in a recent survey, the average urban druggist receives visits 
from 18 doctors in the course of a year, and the average number 
of visits per doctor per year is 28. The rural druggist sees only 8 
doctors, but each one visits him 60 times a year. This gives the 
druggist approximately 500 opportunities to assist physicians in 
obtaining information about pharmaceuticals.®® 


Hospitals 


It has been estimated that approximately $250 million are spent 
annually for ethical pharmaceuticals in the 7,000 hospitals in this 
country. ‘This comprises about 27 percent of all ethical pharma- 
ceutical sales.°° Approximately 30 percent of the hospital purchases 
of drugs and chemicals in a recent year were antibiotics. 

The following is a breakdown of hospital purchases of anti- 
biotics: *” 


Dollars Percent 
(thousands) 

Perle iati DOU CSeesasaat tena cer anaes a seen a eee ee ee ae Ce 67, 725 30. 10 
IB TOAGESP OC UNUM eae meee a a Ram eerie Sure Se Fe ee a ee aS 30, 285 13. 46 
INontrademarked-pemicillines 2220s 2 tee See ee 8, 685 3. 86 
Streptomycin and dihydrostreptomycin-__.._.....-_-.---_-------.------- 2, 160 . 96 
lO GH er amt biOblCS 2 ee see ee a ee Ue 26, 595 11. 82 

Totalalldrucsvand ehemicals.2ss250 0 sso Se eek eee eee tae 225, 000 100. 00 


A little more than half of all hospitals, accounting for 86 percent 
of the total bed complement, have pharmacies.*® Some smaller hos- 
pitals depend on nearby retail pharmacies for needed pharmaceuticals 
and related products, or have a pharmacy or drugroom but do not 
employ a registered pharmacist. In these cases, the dispensing is 
usually done by an intern or nurse. The number of prescriptions dis- 
pensed in the average hospital pharmacy is several times the national 


54 Journal of the American Pharmaceutical Association, Practical Pharmacy Edition, 
September 1952, p. 660. 

& American Druggist, May 6, 1957, p. 6. 

5 Hospital Pharmacy, prepared by Journal of American Hospital Association, revised 
September 1954, p. 2. 

5? William E. Hassan, Jr., ‘‘Antibiotics in the Hospital Pharmacy,” Journal of the Ameri- 
can Pharmaceutical Association, Practical Pharmacy Edition, November 1954. 

58 Hospital Pharmacy, prepared by Journal of American Hospital Association, revised 
September 1954, p. 10. 
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average for all other pharmacies. About 17 percent of large hos-- 
pitals (500 beds and over) manufacture their own solutions for’ 
injection.®® A recent survey conducted by the research department: 
of Modern Medicine Publications, Inc., indicates that the medical, 
staffs of hospitals, either individually or as a group, carry a great. 
deal of weight in the final decision as to which pharmaceuticals to: 


stock.© 
A. survey conducted by Hospital Management magazine among 
some 40 smaller hospitals disclosed that there were actually 27 dif- 
ferent bases in charging patients for medication.™ 
Some of the methods were: 
(1) Cost doubled. Minimum charge on hypodermics, 50 cents. 
(2) Cost plus 40 percent on most. 
(3) Charges as per local retail drugstores. 
(4) Cost doubled on most, more on some. 
(5) Cost plus 60 percent. 
(6) Drug charges made by local retail pharmacy. Hospital 
has no charge. 
© Ibid, p. 12. 
6 Modern Medicine, Medical Market Guide, 1956, p. 28. 


61 Daniel F. Moravec, ‘“‘Pharmacy Service in Smaller Hospitals,” Hospital Management 
(reprint, no date). 


Chapter VI 


Pricing in the Antibiotics Industry 


In this chapter the price histories and pricing behavior of the 
major antibiotics—the principal penicillins, the streptomycins, and 
the so-called broad spectrums—are considered for the period covered 
in this report. These are the most widely used antibiotic products. 
Following the introduction of sodium, potassium and procaine peni- 
cillin, streptomycin, and dihydrostreptomycin, prices of these products 
declined steadily until the end of 1955. In 1956, the prices to some 
classes of customers increased. Prices of the first three broad spec- 
trums declined from the time of their introduction into the market— 
Aureomycin, in 1948, Chloromycetin in 1949, and Terramycin, in 
1950—until October 1, 1951, but remained unchanged to the drug 
trade thereafter. The fourth broad spectrum antibiotic, tetracycline, 
was introduced in 1953 and has remained at the price level which has 
prevailed for broad spectrum antibiotics since October 1,1951. Prices 
of certain penicillin specialties, for example, benzathine penicillin 
and phenoxymethyl penicillin (penicillin V), which were introduced 
after October 1, 1951, at the approximate price level of the broad 
spectrum antibiotics, have not changed since their introduction. 

This chapter describes the price histories of these antibiotics and 
seeks to relate the economic factors underlying their production and 
distribution to their price structure. Other antibiotics, including 
erythromycin and novobiocin, each of which has been made by more 
than one manufacturer, and a number of single-company specialties, 
as well as the various combinations of me hs are not considered 
in detail in this chapter. 

The channels through which medicinal antibiotics are distributed 
are the same as those through which older drugs and medical sup- 
plies move. Moreover, most antibiotics are sold only on prescription 
and it is the physician who, on the basis of his judgment as to the 
effectiveness of different antibiotics, decides which antibiotic he will 
prescribe. Beyond this, however, antibiotics production and distribu- 
tion present a number of noteworthy characteristics, Among these 
are (1) the newness of the industry, (2) the rapidity of its growth 
based on clinically demonstrated effectiveness of its products, (8) 
the similarity in the production techniques used in the biosynthetic 
preparation of most of them, and (4) the patent ownership and patent 
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licensing situation as it has affected the number of manufacturers en- 
gaged in production and distribution of such antibiotics as the com- 
mon salts of penicillin, the streptomycins, the broad spectrums, and 
certain penicillin specialties. The economic factors relating to the 
pricing of antibiotics are discussed under the following subheadings 
of this chapter: 
Factors Affecting the Supply of Antibiotics. 
Factors Affecting the Demand for Antibiotics. 
The Marketing System and Antibiotic Prices. 
Price Histories of Selected Antibiotics: 
Price History of Selected Penicillin Products. 
Comparative Price Levels of Selected Antibiotics. 
Price History of Selected Streptomycin Products. 
Government Procurement of Penicillin and Streptomycin. 
Price History of the Broad Spectrum Antibiotics. 
Government Procurement of Broad Spectrum Antibiotics. 
The Market Share of Each Broad Spectrum Relative to Total 
Broad Spectrum Sales, 1951-56. 


Factors Affecting the Supply of Antibiotics 
Penicillin 


Prior to February 1, 1943, the trickle of extremely high cost pen- 
icillin which the producers were able to supply had been given free of 
charge for use in clinical testing. On February 1, 1943, when the 
price of penicillin was established by the Government at $200 per mil- 
lion units, the new antibiotic had successfully passed the hurdle 
of clinical acceptance which every new drug must surmount. In 1948, 
every clinical test had proved it to be superior to previously used drugs 
in a wide range of therapies. But it was still impossible to produce 
it in large quantities at low cost. 

By the end of 1945, however, the commercial producers of penicillin 
had applied various technological and scientific discoveries with such 
success that mass production of penicillin became a reality. 

As discussed in chapter IV of this report, the fundamental tech- 
nique employed in the commercial production of antibiotics is the 
deep-vat fermentation process. Application of this process to the 
production of organic acids was discovered and patented by Dr. Orville 
May, Dr. Andrew Moyer, and other scientists employed by the De- 
partment of Agriculture. This basic advance in fermentation tech- 
nology was later adapted to the production of antibiotics. Another 
important process patent covering the use of corn steep liquor as a 
nutrient medium for the production of penicillin was obtained later by 
Dr. Moyer. Both the deep-vat fermentation process and the corn- 
steep-liquor process contributed to an enormous increase in yields of 
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‘penicillin, and the patents on both of these processes were freely 
licensed to all domestic applicants. 

An additional vital contribution to the increase in penicillin yields 
twas the development of a more productive micro-organism. This 
twas accomplished by scientists working in research laboratories at the 
‘Carnegie Institution and the University of Wisconsin, and was made 
available to all manufacturers. 

| The cost of production per unit of penicillin plummeted as these 
discoveries were applied and refined by the various manufacturers. 
)}Competition among them for shares in the market resulted in prices 
/ which declined steadily through the 1940’s and early 1950’s. By 1955, 
jthe published price of penicillin charged by the retailer had fallen 
jto about 60 cents per million units, as compared with the original 
iprice of $200 per million units paid by the Government in 1943 for 
ivery small quantities of penicillin then available. (The $200 price 
thad been established at a time when penicillin production was in a 
ivery primitive stage, of course.) 

| The knowledge gained in the application of these improved tech- 
jniques to production of penicillin became an invaluable asset to the 
lindustry when streptomycin and the broad spectrum antibiotics were 
‘later discovered. This was because the same biosynthetic processes 
‘employed in the production of penicillin could be used in producing 
these new antibiotics.* 

_ In addition to development and application of the freely available 
itechniques mentioned above, there were few patent restrictions on the 
ein, into the manufacture of penicillin during the years 1943-50. 
) Penicillin itself was discovered by Alexander Fleming in England in 
| 1928, and he never applied for a patent on this product in the United 
States. The product was therefore in the public domain.? 

| As distinguished from the common salts of penicillin, however, such 
tas sodium penicillin, potassium penicillin and procaine penicillin, 
jwhich have either not been patented, or the patents of which have 
‘been widely licensed, mention should be made of certain more recently 
jdeveloped and patented penicillin products. Among these are benza- 
| thine penicillin and phenoxymethy] penicillin, first marketed in 1951 
jand 1955, respectively. The manufacturers’ prices of each of these 
jpatented products have remained uniform and unchanged since they 


f ° 
) were introduced. 
. 









| Streptomycin 

| Scientists at Rutgers University, working under research grants by 
Merck, discovered streptomycin. A research foundation at Rutgers 
1The only antibiotic which so far has been successfully chemically synthesized for com- 


i mercial production is chloramphenicol. 
2Prior to 1949, chemical compositions could not be patented in Bngland. 
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University ultimately obtained a product patent on this invention and 
has followed a policy of licensing at a stipulated royalty rate all 
qualified companies wishing to undertake the manufacture and sale 
of streptomycin. 

The next important antibiotic discovery was dihydrostreptomycin, 
a modified form of streptomycin. A patent on this product was issued 
to Merck & Co., which followed a policy of licensing at reasonable 
royalty rates any companies desiring to manufacture this product. 

Thus, as a result of an already existing production technology de- 
veloped in connection with penicillin, much of which could be applied 
to the production of streptomycin, and the liberal licensing by the 
research foundation at Rutgers University and by Merck & Co. of pat- 
ents on streptomycin and dihydrostreptomycin, respectively, numerous 
manufacturers entered intc the production and distribution of these 
antibiotics. The manufacturers made great strides in further perfect- 
ing their production techniques. AJl of these factors provided the 
means for adequate supply of streptomycin and dihydrostreptomycin 
to the public and resulted in a continuous and steady price decline at 
the manufacturer’s level down to 1956. Three of the manufacturers 
ceased to produce streptomycin and dihydrostreptomycin in the course 
of the period covered by this report. 

Since the discovery of penicillin, streptomycin, and dihydrostrep- 
tomycin, many new and important antibiotic substances have been 
discovered. The basic production techniques applied in connection 
with the manufacture of penicillin and streptomycin are also used 
in the commercial production of most of these later antibiotics. In 
fact, as already noted, chloramphenicol (Chloromycetin), produced 
by Parke, Davis & Co., is the only antibiotic product currently being 
manufactured exclusively through the use of techniques not involving 
fermentation of micro-organisms. 


Broad spectrum antibiotics 


There are certain characteristic features which must be considered 
with respect to the supply of the broad spectrum antibiotics. 

The four antibiotics which now comprise the broad spectrum group 
are: chlortetracycline (Aureomycin), oxytetracycline (Terramycin), 
tetracycline, and chloramphenicol (Chloromycetin). These four 
antibiotics represented 24.3 percent by weight of all antibiotic prod- 
ucts for medicinal purposes and accounted for approximately 50 per- 
cent of total medicinal dollar sales of antibiotics at the manufacturer’s 
level in 1956. Although chloramphenicol is manufactured by a pro- 
duction technique completely different from that employed in the 
commercial production of the penicillins and the streptomycins, the 
three remaining broad spectrum antibiotics are produced commer- 
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cially by the use of a technology closely similar to that which is em- 
ployed in the commercial production of penicillin, streptomycin, and 
dihydrostreptomycin. Further, the production facilities used for all 
except chloramphenicol are largely interchangeable. Thus, expan- 
sion of production facilities for any one antibiotic represents potential 
capacity for the production of others as well. Through the use of 
these closely similar production methods, the yields obtained from 
fermentation of the three tetracyclines, i. e., chlortetracycline, oxy- 
tetracycline, and tetracycline, have approximated, if not exceeded, 
those obtained in the fermentation of penicillin and the strep- 
tomycins.* 

- Limitations on the number of manufacturers of chlortetracycline, 


-oxytetracycline, tetracycline, and chloramphenicol have resulted from 


patent ownership and the pattern of patent licensing which exists as 
regards these broad spectrum antibiotics. Three of these products, 
whose trade names are Aureomycin, Chloromycetin, and Terramycin, 


are manufactured and marketed exclusively by the respective patent 
owners, Cyanamid, Parke, Davis & Co., and Pfizer. Tetracycline, the 
most important broad spectrum, is the subject of a series of licensing 
and cross-licensing arrangements between Pfizer, the owner of the 


product patent, and Cyanamid, Bristol Laboratories, Inc., Olin Ma- 
thieson Chemical Corp. (E. R. Squibb & Sons), and The Upjohn Co. 
The latter two companies, Olin Mathieson and Upjohn, are licensed 
to sell tetracycline, but may not manufacture this antibiotic. 

These five companies account for about 80 percent of the sales of 
all so-called broad spectrum antibiotics. The patenting and licensing 
of tetracycline are discussed in detail in chapter VIII. The only 
other broad spectrum, Chloromycetin, is manufactured and sold ex- 
clusively by the patent owner, Parke, Davis & Co. From the fore- 
going, it is apparent that the supply of each of the broad spectrum 
antibiotics is subject to much greater control than is possible with 
respect to the supply of the older common salts of penicillin and the 
streptomycins. 

Following the introduction of Aureomycin in December 1948, broad 
spectrum prices declined when Chloromycetin and Terramycin were 
introduced in 1949 and 1950, respectively. The introduction of each 
new broad spectrum antibiotic was anticipated by price reductions 
of those broad spectrums already on the market. The last reduc- 
tion in price for this group of products, to the date of writing, occurred 
on October 1, 1951. Thereafter, published prices of broad spectrum 


antibiotics remained unchanged insofar as retailers, hospitals, and 


consumers were concerned. ‘The fourth broad spectrum, tetracycline, 


* Encyclopedia of Chemical Technology, the Interscience Encyclopedia, Inc., New York: 
Vol. 18, p. 779, table I. British Patent No. 781,843, p. 2, lines 115-121, owned by Amer- 
ican Cyanamid Co. Seealso ch. IV, pp. 119-122, of this report. 
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was first marketed in 1953 at the price which had prevailed for the 
other three broad spectrums since October 1, 1951. This price struc- 
ture remained in effect through 1956, the period covered by the present 
report. 

Table 9, page 74, shows the extent to which medicinal market sup- 
plies of penicillin, streptomycin, dihydrostreptomycin, chlortetra- 
cycline (Aureomycin), oxytetracycline (Terramycin), chlorampheni- 
col (Chloromycetin), and tetracycline increased between 1948 and 
1956. 

As the data in this table reveal, output of penicillin for medicinal 
purposes increased from 156,000 pounds in 1948 to 886,000 pounds in 
1956, and output of streptomycin and dihydrostreptomycin for medi- 
cinal uses increased from 84,000 pounds in 1948 to 622,000 pounds in 
1956. 

In 1948, the production of broad spectrum antibiotics was negligible; 
penicillins, streptomycin and dihydrostreptomycin accounted for 99.7 
percent by volume of total production of antibiotics for medicinal use. 
In 1956, production of these three older antibiotics was greatly in- 
creased, but their proportion of the total production of all antibiotic 
substances for medicinal uses had decreased to about 68 percent, 
due principally to rapid increase in the production of broad spectrums. 

Among the latter, chlortetracycline (Aureomycin) was the original 
tetracycline product to be marketed, with only 661 pounds of this 
antibiotic reaching the market in 1948. Subsequently, in 1949, 1950, 
and 1953, respectively, chloramphenicol (Chloromycetin), oxytetra- 
cycline (Terramycin), and tetracycline were marketed. In 1956 over 
535,000 pounds of the four broad spectrums were marketed, represent- 
ing 24.3 percent by volume of all antibiotics produced for medicinal 
purposes. 

Contributing to the increase in supply of antibiotics was the 
great expansion of production facilities in the antibiotics industry 
which took place during the Korean War years 1951-53. As shown 
by table 23, page 104, during these 3 years more than $150 million 
was invested in new plant and equipment, which was more than half 
of the total investment made in new plant and equipment in the in- 
dustry, from the time it came into being through 1956. 


Factors Affecting the Demand for Antibiotics 


Although new and important uses have been developed for anti- 
biotics in the fields of animal feed and agriculture, by far the greatest 
demand for antibiotics is for medicinal use in the treatment of human 
diseases. ‘The present chapter is primarily concerned with antibiotics 
produced and sold as prescription drugs. The analysis which follows — 
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is therefore inapplicable to those antibiotics which are not widely 
used for prescription purposes, such as bacitracin, neomycin, and 
tyrothricin. 

Several important factors affecting the demand for antibiotics for 
prescription uses are to be noted. One is that the total demand is de- 
termined by the incidence of illnesses which can be effectively treated 
with them. Therefore, to the extent that their use reduces the number 
of cases to be treated, the potential demand for them is reduced. In 
other words, any preventive effect that their use may have is a built- 
in limitation on the demand for them. A second factor is that the 
patient seldom exercises any choice in selecting an antibiotic since 
only a few insignificant antibiotic preparations can be bought without 
a doctor’s prescription. The doctor’s selection based on his judgment 
as to which of several antibiotics may be the most effective treat- 
ment for a given illness becomes the controlling demand factor. 
Therefore, among manufacturers one aspect of competition is the 
effort to obtain the doctor’s acceptance of their respective antibiotic 
products. 

Furthermore, when health and life are at stake, price is at most only 
a minor consideration to the physician prescribing the drug. Thus, 
the patient’s need and not the price, plus the incidence of particular 
diseases and the expert knowledge of all physicians as to which anti- 
biotic is most effective in treating each particular case, are all factors 
determining the demand for a particular antibiotic. It may therefore 
be said that the total demand for a particular antibiotic is not directly 
related to changes in its price. 

Where a particular antibiotic is manufactured and marketed by sev- 
eral companies in standardized dosage forms, each company’s share 
in the market for that particular antibiotic dosage form may well de- 
pend in part upon each company’s price for that particular product. 
Also, where products are closely substitutable each company’s share 
in the market may depend to some degree upon the price it charges 
for its own particular product. In such situations the price charged 
by a particular company may influence the demand by physicians, 
wholesalers, hospitals, and retailers for that company’s product. 

The reputation of a drug company and its brand name may out- 
weigh price as a consideration in the physician’s choice. Being aware 
of the physician’s responsibility in selecting from among several anti- 
biotics, the companies marketing antibiotics spare no effort in dis- 
seminating information to the medical profession as to the clinical 
effectiveness of their particular antibiotics. Clinical study by pro- 
ducers, and passing information on to physicians through visitation 
by detail men, the giving of samples, advertising in medical journals 
and through direct mail become highly important in promoting the 
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sale and use of antibiotics. Where particular antibiotics, for ex- 
ample, tetracycline, erythromycin, and novobiocin, are sold by two or 
more manufacturers, each seller concentrates his efforts on promoting 
his particular trademark or trade name for that product directly to 
the medical profession and to the drug trade. 

Still another factor affecting both the discovery and subsequent 
production and distribution of new antibiotics is that the develop- 
ment of each new substance is the result of laboratory research 
followed by clinical evaluation of the effectiveness of the new sub- 
stance. Regardless of whether such preliminary expenditures of time 
and money may be large or small, they must be made before begin- 
ning volume production and the development of the market (through 
dissemination of clinical results, detailing, distribution of free 
samples), and before the establishment of distributor and retailer 
stocks upon which physicians can draw by prescription.* Also, the 
manufacturer who is already marketing one or more older anti- 
biotics must undertake market development for each new one with 
the knowledge that, if the new substance is more effective for some 
purposes than the old one, its introduction may reduce the demand 
for the older one. This competition of the manufacturer with him- 
self, as well as with others, through the substitution in use of a 
new for an old product often is very real. A mitigating factor, 
however, 1s that the fermentation processes by which most antibiotics 
are produced are so similar that the manufacturing equipment used 
is largely interchangeable in the production of different antibiotic 
substances. 


The Marketing System and Antibiotic Prices 


Marketing functions 


In 1956 there were 12 companies producing bulk antibiotics in 
large quantities. Considerable quantities of these bulk materials are 
packaged in dosage forms by the original manufacturers. These 
dosage forms may either be labeled and distributed under the pro- 
ducer’s own trademark or trade name, or they may be sold without 
such trade identification to other companies which place their own 


“In addition, all new drugs must be approved by the Food and Drug Administration 
prior to their sale in interstate commerce. This approval should be distinguished from 
the certification of antibiotics to the Food and Drug Administration. Certification proce- 
dures apply to the manufacturers’ output of certain specified antibiotics. Each certifica- 
tion means examination by the Food and Drug Administration of each batch of the anti- 
biotic produced for identity, strength, quality, and purity before such batch is shipped 
in interstate commerce. Baron, Handbook of Antibiotics, Reinhold Publishing Corp., 
New York, 1950, p. 8. 

5 These companies in alphabetical order are Abbott Laboratories, American Cyanamid 
Company, American Home Products Corporation, Bristol-Myers Company, Commercial] Sol- 
vents Corporation, Eli Lilly and Company, Merck & Co., Ine., Olin Mathieson Chemical — 
Corporation, Parke, Davis & Company, S. B. Penick & Company, Chas. Pfizer & Co., Ine., 
and The Upjohn Company. 
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labels on the packages and distribute the products so packaged. Bulk 
materials of medicinal grade are generally sold to packagers and 
compounders, some of which are also manufacturers of antibiotics 
themselves. Others merely package and distribute the products under 
their own labels. 

The packaging and labeling practices relating to several antibiotics 
considered in this chapter differ in some respects from those described 
above. Of the broad spectrum antibiotics, for example, three are 
patented products each of which is manufactured by a single com- 
pany that sells all of its production under its own labels. These 
antibiotics are Aureomycin, produced only by American Cyanamid; 
‘Terramycin, produced only by Pfizer; and Chloromycetin, produced 
exclusively by Parke, Davis. The fourth is tetracyline, which is 
produced by American Cyanamid, Pfizer, and Bristol and is sold in 
bulk ® to two purchasers only: Olin Mathieson and Upjohn. Bulk 
sales of antibiotics for medicinal purposes, therefore, are made princi- 
pally in the distribution of the penicillins, streptomycin, and dihydro- 
streptomycin. 

A further difference has to do with antibiotics of animal feed or 
other nonmedicinal grades that are sold in bulk to producers of 
animal feeds, food preservatives, insect sprays, etc. These products 
generally do not enter into the same distribution channels through 
which antibiotics of medicinal grade for human use are distributed. 

Chart 7 shows the channels through which antibiotics of medicinal 
grades may move, either in bulk or in dosage forms. 

As the solid black lines on the chart indicate, finished dosage forms 
of antibiotics may be sold by the original manufacturers, or by the 
compounders and finishers, either to wholesalers, or directly to re- 
tailers, or directly to hospitals and physicians. Retailers likewise 
may sell to hospitals and physicians or direct to patients on prescrip- 
tion. Doctors may dispense or administer directly to patients either 
in or out of hospitals, or they may give nonhospitalized patients a 
prescription which the patient presents to the retailer. Of the two 
major categories of dosage forms—for injection or for oral adminis- 
tration—the former is usually dispensed by the physician or hospital, 
whereas the latter, as tablet, capsule, or oral suspension, is normally 
purchased from the druggist upon presentation by the patient of the 
physician’s prescription. 





Bulk term purchase and distributor contracts 


As shown in chart 7, some antibiotics are sold in bulk by the 
criginal manufacturer to compounders and packagers and to other 
manufacturers which in this instance function as compounders or 
packagers. Some of these bulk sales have been made pursuant to term 


6 The term “bulk,” as used in this chapter, includes unlabeled dosage forms. 
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ipurchase contracts. The percentage of total antibiotic bulk sales 
lwhich moves under such contracts is not known, but there is reason to 
believe that it is not large. 

_ Such term purchase contracts were part of the pharmaceutical in- 
‘dustry before the advent of antibiotics. Until 1949, the sellers under 
the term purchase contracts for antibiotics of which the Federal Trade 
|Commission has record were manufacturing chemists. They supplied 
pharmaceutical houses, but did not sell dosage forms under their 
jown labels. Beginning in 1949, however, some pharmaceutical houses 
‘sold bulk-packaged and unlabeled penicillin and streptomycin dosage 
‘forms to other pharmaceutical houses and packagers while continu- 
‘ing to distribute the same antibiotics under their own labels. In 
addition, Pfizer, formerly a manufacturing chemist only, began in 
11950 to distribute antibiotic dosage forms under its own label. Both 
ithese developments put these sellers in the position of offering their 
i products at the same levels of sale as those their customers were serv- 
ing. 

_ Term purchase contracts have taken several forms. Some of them 
have been tied either to the buyer’s total requirements or his purchase 
}requirements. Others have provided for minimum and maximum 
| quantities of specified antibiotics for a specified period. The data 
furnished to the Commission indicate that prices for antibiotics sold 
under these agreements were considerably less than the published 
| prices at which the manufacturers offered the same products in bulk. 
For example, one of the largest manufacturers of penicillin offered 
| unlabeled vials containing 400,000 units of a combination of procaine 





| and potassium penicillin on March 31, 1954, for sale at the following 
| quantity differentials: 
: 
: 
: 


Percent o 


Quantity differentials (vials): 400-rial price 
Al) SSSR he eae ee Se ogee pea! trae ie ob cea Rs eee ote eee eee 100. 0 
1D ie re MEO se rape a ae OB pn er ee No eee = 96. 5 
PROC Oa ee os bow Bou to he ty deg aieislla nics es een dine 94. 3 
a eS es de I BO Gaius aaa 92.1 
CO eS eae Sea pan) eels pa eas Pee eee Re 2 eG. See 87. 7 
PU, OO0 See ee oe ee eee ot eee ce eee eee ee 83. 3 
ite eines ci erate ee eat yar ee eer yee ea 78.9 


tials were still in effect, this supplier made a term contract to supply 
_ the same penicillin combination in the same vial size (also unlabeled) 
to another antibiotics manufacturer for a price equivalent to 56.1 per- 
cent of the 400-vial price. 

The older penicillins and the streptomycins have also been sold 
under “distributor” agreements. An agreement relative to unlabeled 
dosage forms of the streptomycins which was entered into in January 


) On June 1, 1954, when the prices yielding the above quantity differen- 
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1950 and which was effective at least until August 1957 may be used 
to illustrate this type of term purchase. 

The “distributor” was named a “nonexclusive selling agent” of the 
manufacturer. It was specified that title to the dosage forms received 
by the distributor would remain with the manufacturer until they were 
sold. The distributor agreed to pay all expenses of labeling and fur- 
ther packaging, in addition to all selling and promotional costs. The 
initial “consignment billing prices” (the prices of different dosage 
forms charged to retailers and hospitals) were specified, as was the 
initial “percentage commission” to the distributor, which he deducted 
before remitting the sales proceeds to the manufacturer. If the pub- 
lished trade price of the principal competitors of the supplier should 
fall below the consignment billing price, there were provisions looking 
to adjustment of both the consignment billing price and the rate of 
the distributor’s commission. But it was also provided that “* * * 
the consignment billing prices shown on the attached schedule shall 
not be reduced without the consent of * * * [the supplier].” The 
supplier thus reserved the right to name the price at which the selling 
agent would offer, under the agent’s labels and trade names, products 
whose ingredients were identical with those which the supplier also 
was offering under its own labels and trade names. 

In table 41, the initial consignment billing price for the 1-gram vial 
of either streptomycin or dihydrostreptomycin sulfate, the net price 
to distributor, and the rate of commission are shown opposite the date, 
February 1, 1950, on which the agreement became effective. There- 
after, each effective date of change was specified in a letter from the 
manufacturer to the distributor. Each of these letters set forth the 
“consignment billing price,” the “distributor’s commission,” and the 
“net price.” The column giving the amount of the distributor’s com- 
mission has been added for convenience. 


TABLE 41.—OConsignment billing price and net price of streptomycin or dihydro- 
streptomycin sulfate under distributor agreement of Jan. 10, 1950: Feb. 1, 
1950, to Nov. 1, 1954 


[Prices are per 1-gram vial] 


¢ 


Distributor’s commis- 


: Consign- | Net price sion 
Effective date ment bill- | to distrib- 
ing price ! utor 
Percent Amount 
TONS] of. 3 AWAY )o) | Jeep a ra ee ea eC ae SOO Bae ee See er Oe 0. 60 815 47.5 . 285 
VIET BLOOM eRe metals oes te eevee id tere sek OP Set Se : = 32.5 = 13 
Vie yee OGD means eer Uae es Per er a aie 40 24 40.0 -16 
NIOWAR ROO 2exeme nents be See ae A Oe ne 40 21 47.5 .19 
DCC pO 2a sere Soe Sie ie ee Dee Se ae ee . 40 . 20 50. 0 . 20 
AEN ge UAE CG Ss te ey Ne pA ra te Up ee piel pla ee et 36 . 1998 44.5 . 1602 
BAN Od roe So Sei Cet ee Be eat eo eee . 36 .18 50.0 .18 
ethylene Godse seers 2s ot et es em at eo eee . 36 . 1494 58. 5 2106 
INO Vac l pelO G4 se Seta tee aaet, ees on ee ee see . 36 . 12996 63. 9 23004 


1 Price charged retailers and private hospitals for vials bearing the distributor’s label. 
Source: FTC data request, 1957. 
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Price to retailers, to hospitals, and the public 


Original manufacturers selling antibiotics directly to retailers and 
hospitals usually price their products on the basis of a general for- 
‘mula. Essentially, this formula is 40 percent less than the “list” 
price of the antibiotics, whatever that list price may happen to be. 
“List” price is the price which the manufacturer suggests to the re- 
tailer as the price to be charged to the consumer. Assuming 100 to 
be the “list” price of a product, the manufacturer’s price to the retailer 
would be 60. The list prices of the different antibiotics vary widely, 
those of the older penicillins and streptomycins being lower than those 
‘of the broad spectrums and the newer penicillin specialties. The 
‘application of the 40-percent trade discount off the suggested retail 
list price causes the two classes of antibiotics to reach retailers and 
hospitals at correspondingly different prices. Since retail and whole- 
sale margins are based upon rather standard percentage markups, 
it follows that lower priced items produce lower retail and wholesale 
dollar margins than the higher priced items do. For antibiotics, the 
fair trade minimum retail price fixed by producers is almost in- 
variably 10 percent less than the retail “list” price; i. e., 90 percent 
of the manufacturer’s suggested retail price for each antibiotic item. 








Price to the wholesaler 


Prices quoted by original manufacturers to wholesalers differ from 
those charged by original manufacturers to retailers. As noted above, 
a single formula is applied by most original manufacturers who sell 
antibiotic dosage forms directly to retailers. However, the pricing of 
antibiotics sold by original manufacturers to wholesalers is no¢ con- 
trolled by such a single formula. 

Taking 60 as the uniform price at which antibiotics are sold di- 
rectly to retailers by original manufacturers, the prices to wholesalers 
vary between 47.4 and 51. If the wholesaler obtains the antibiotic 
from the original manufacturer at a price of 47.4, and sells to the re- 
tailer at a price of 60, then the wholesaler’s gross profit margin is 
91.0 percent of the price at which he sells to the retailer. If, on 
the other hand, the wholesaler pays a price of 51 to the original manu- 
facturer, and sells to the retailer at a price of 60, the wholesaler’s 
margin is 15.0 percent. At least one manufacturer of antibiotics sells 
only to wholesalers, while another manufacturer reported that it sells 
only to retailers. Other manufacturers of antibiotics sell to both 
wholesalers and retailers. Thus, to the extent that such manufacturers 
sell to retailers, they perform the wholesale function themselves. One 
manufacturer reports that it does not sell directly to physicians. 

The function performed by the independent wholesaler is of par- 
ticular value to the small, independent retailer. There are literally 
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hundreds of different antibiotic preparations marketed; often the 
same preparation is sold under 10 or more different trademarks or 
trade names. Under such circumstances it would be a heavy burden 
on the capital resources of the small retailer if he had to maintain a 
large inventory of many infrequently prescribed articles. The whole- 
saler can, to a considerable extent, relieve the retailer of this burden 
by stocking such items and delivering them to the retailer as needed 
by him. 


Additional discounts to wholesalers, retailers, and hospitals 


In addition to the selling prices quoted by manufacturers to whole- 
salers, retailers, and hospitals, various types of discounts may be ap- 
plied on sales by the manufacturer to certain classes of his whole- 
sale and retail customers. These include both quantity discounts and 
cash discounts. 

In addition to the standard discount of 40 percent to retailers and 
hospitals, manufacturers grant further special discounts depending up- 
on the total dollar purchases. For example, on orders aggregating 
$500, Parke, Davis & Co. permits an additional discount of 8 percent. 
Retailers receive another 4-percent discount on all purchases over 
$4,000 per year, while hospitals are granted this 4-percent discount 
on all orders.’ 

Cyanamid allows to retailers and hospitals a 714-percent reduction 
over and above the 40-percent trade discount on all orders between $50 
and $100. On orders exceeding $100, the additional discount is 15 per- 
cent. However, no additional discount is granted by Cyanamid on any 
Aureomycin and Achromycin sales.® 

Apart from these quantity discounts for volume and size of orders, 
it is customary in the antibiotics industry for manufacturers to 
allow a 2-percent discount for cash payment before the 10th of the 
month following delivery to the purchaser. This discount is extended 
to all classes of purchasers. Unless the customer requires shipment by 
a special form of transportation, such as air express, transportation 
charges are normally paid by the seller, i. e., the manufacturer, ex- 
cept on very small orders. 

Where private hospitals place their orders for antibiotics through 
wholesalers or retailers, it is a fairly general practice among the anti- 
biotics companies to allow a 10-percent discount to the wholesaler or 
retailer, where the manufacturer ships directly to the hospitals. 


“John D. McEvilla, ‘Competition in American Pharmaceutical Industry,’’ Ph.D. thesis, 
University of Pittsburgh, 1957, appendix F, p. 184. 
8 HTC data requests, 1956, 1957. 
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Special credits available to customers 


Antibiotic dosage forms lose potency in storage. Upon comple- 

tion of their manufacture they are stamped with an “expiration date” ; 
after this date they are considered not to meet the potency standards 
under which they were issued. It is customary for the manufacturers 
to allow full credit at current prices for “expired” antibiotic dosage 
forms returned by their customers in unbroken, undamaged, original 
packages. Some manufacturers also guarantee customers’ floor stocks 
of antibiotic dosage forms against price decline—at least for a stated 
‘period after the date of purchase. The difference between cost and 
the value of inventories at reduced prices is allowed to customers as a 
credit. 
_ Sometimes local and State governmental institutions are given a 
| special discount not available to private hospitals. Prices to Federal 
Government agencies are discussed in subsequent sections of this 
chapter. 














: Free goods in the antibiotics industry 


In keeping with a longstanding practice in the pharmaceutical in- 


dustry, producers of antibiotics have, in the past, made offers to sup- 

ply certain classes of purchasers of particular antibiotics dosage forms 

with additional amounts of such dosage forms without charge. This 

is referred to as the giving of “free goods,” and is usually resorted to 
only in times of competitive stress.° What it amounts to, in effect, is 
a lowering of the unit price of the commodity being sold without re- 

ducing the “official” price. In view of this practice, prices listed in the 
tables appearing below may have been considerably higher than actual 
prices during certain periods of time. 

For example, one manufacturer issued in years past price lists 
which show that on purchases of specified quantities of penicillin and 
streptomycin dosage forms additional amounts of such products were 
delivered to the purchaser without charge. Thus, on orders for 100 
vials of a given penicillin, streptomycin or dihydrostreptomycin 
product, the manufacturer shipped an additional 50 vials without 
charge. 

While actual dosage form prices were considerably lower than 
those specified in company price lists whenever free goods were added 
to shipments, the price tables which follow, although based on such 
lists, nevertheless clearly demonstrate the price trends of important 
penicillin and streptomycin dosage forms. No data are available which 


9“Free goods” should be distinguished from the free samples distributed to physicians by 
pharmaceutical manufacturers, 
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would suggest that the free-goods practice was also employed in con- 
nection with the distribution of dosage forms of broad spectrum 
antibiotics. 


Price Histories of Selected Antibiotics 


In foregoing sections of this chapter, consideration has been given 
to significant factors affecting antibiotic prices. In succeeding sec- 
tions the price histories of the penicillins, the streptomycins, and the 
broad spectrum antibiotics will be presented. 


Price history of selected penicillin products 


Penicillin bulk prices—Bulk penicillin was commercially intro- 
duced in 1945 as sodium penicillin in amorphous form. In early 1947 
this salt of penicillin was made available in the more refined crystal- 
line form. As shown by table 42 below, in 1948, two additional salts 
of bulk penicillin were offered: potassium and procaine penicillin. 
These penicillin salts are merely representative of other penicillin 
products sold in bulk. There appears to be little distinction in prices 
among the various bulk penicillins. Indeed, one penicillin manufac- 
turer (Lilly) offered several different bulk penicillin products at one 
uniform price which varied with respect to the quantities sold. 

Listed in table 42 are bulk sodium, potassium, and procaine penicil- 
lin prices for selected manufacturers from 1945 to 1956. Bulk sodium 
penicillin prices of Merck & Co. are presented in column I; bulk potas- 
sium penicillin prices of Bristol are specified in column IT; in column 
IIT are listed Pfizer’s bulk procaine penicillin prices; and column IV 
contains prices of potassium or procaine salts of bulk penicillin sold 
by Eli Lilly & Co. 

Three conclusions may be drawn from the data presented in table 
42; first, bulk penicillin prices fell from $6,000 per billion units for 
Merck’s amorphous sodium salt in 1945 to $34.50 per billion units of 
Bristol’s potassium salt in 1955, or about one-half of one percent of 
the introductory price of amorphous sodium penicillin, the produc- 
tion of which was discontinued when penicillin products of greater 
purity were developed. Second, a reduction in the bulk price of one 
salt of penicillin was usually matched or approximated by price re- 
ductions in the other salts of penicillin. Third, the prices of the various 
salts of penicillin named in table 42 have tended to be about the same 
at any particular time over the 12-year period. The wide gaps be- 
tween successive catalog prices, for example the decline from $800 to 
$330 per billion units for Lilly’s bulk penicillin between November 
1948 and November 1949, suggests that actual prices of all penicillin 
bulk products listed in the table may have been more nearly uniform 
than would appear from published quotations. 
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| The history of penicillin bulk prices demonstrates the effect of in- 
jcreasingly efficient production techniques (which implies decreasing 
funit cost of production) linked with persisting competitive pressures. 
IThus, within a few years’ span, 1945 to 1948, bulk prices per billion 
‘units fell from $6,000 to a range of $800 to $900. Between 1949 and 
11952 prices dropped from about $750 to a low of $85. During 1953, 
11954, and 1955 these prices declined further, reaching their lowest level 
in December 1955, when one manufacturer (Bristol) offered bulk peni- 
icillin at $34.50 and another producer (Lilly) quoted both potassium 
‘and procaine salts of penicillin at $35 per billion units. In 1956, bulk 
iprices increased from the level of about $35 to a high of $63.50 for 
‘sodium penicillin in November 1956. 

Notwithstanding the 1956 price increase and even though the Fed- 
‘eral Trade Commission is not in possession of cost data as to unit 
‘costs of production, the following observation would seem to be justi- 
ified: for the period 1945 to 1955, declining costs of production and 
vast increases in productive capacity have made possible reductions 
in prices of these products. Further pressure on penicillin prices after 
1949 resulted from inroads of competing, newly discovered antibiotics, 
such as the broad spectrums. Competition among manufacturers of 
bulk penicillin was the mechanism through which the benefits re- 
‘sulting from decreasing cost of production were passed on to the 
| purchasers. 

_ From the medical aspect, there may be varying advantages in ad- 
‘ministering a particular salt of penicillin in a particular case. How- 
ever, insofar as bulk prices of penicillin are concerned, table 42 shows 
that there was hardly any difference in price among the various salts 
of penicillin named. For example, in 1948, sodium, potassium, and 
“procaine penicillin were offered in bulk at about the same price, $900 
per billion units, by three manufacturers (Merck, Bristol, and Pfizer). 
A fourth manufacturer (Lilly) quoted several products containing 
potassium or procaine salts of bulk penicillin at a single lower price; 
namely, $800 per billion units for each. In January 1952, the bulk 
prices for sodium and procaine penicillin ranged from $250 to $300, 
while the bulk price for potassium penicillin was quoted at $250 per 
billion units. 

The effect of a reduction in price of one salt of bulk penicillin on 
prices of the other salts of bulk penicillin may be illustrated by the 
following: In July 1949, one manufacturer (Pfizer) quoted a bulk 
price of $525 per billion units of procaine penicillin. In August of 
1949, another manufacturer (Merck) reduced its price for sodium 
penicillin to $525 per billion units, while a third producer (Bristol) 
offered potassium at $400. In December 1952, potassium penicillin 
was quoted at $100 by Bristol, whereas Lilly offered two salts of bulk 
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penicillin at $115 per billion units. During approximately the same 
period, one manufacturer of procaine penicillin (Pfizer) reduced the 
bulk price for this product in December 1952 to $95 and $85 per billion 
units, depending upon quantities purchased. By June 1954 there were 
further reductions by all four manufacturers as a result of which the 
bulk prices for the three salts of penicillin were reduced to $80, $75, 
and $70, again depending upon the quantities purchased. 

Certain qualifying observations should be made in concluding this 
discussion of bulk penicillin prices. The price data contained in table 
42, while based upon reports by the various companies to the Federal 
Trade Commission, may be in some instances mere approximations of 
the actual bulk penicillin prices at certain times. Several important 
factors are not reflected in these price data. One of these is the effect 
of term contractual arrangements between certain suppliers and cer- 
tain purchasers under which more favorable prices have been offered 
on large quantity purchases over specified periods of time. Discounts, 
credits, and the existence of differing price offers to differing classes 
of purchasers affect the actual price per unit of bulk penicillin. 

It should not be inferred that the four companies selected for dis- 
cussion in table 42 sell or have sold only the particular penicillin prod- 
ucts in bulk which are identified with these companies in this table. 
Merck, for example, has sold potassium and procaine penicillin, as 
well as sodium penicillin, during most of the time period under dis- 
cussion. Many more price changes were reported by Merck for 
potassium and procaine penicillin than for sodium penicillin. Merck’s 
sodium penicillin bulk prices are presented and discussed merely for 
the purpose of illustrating the great price declines which occurred be- 
tween 1945 and 1956, and to indicate the manner in which prices of the 
three penicillin salts have tended to be at about the same level at any 
particular time. 

The data in table 42 demonstrates general downward price move- 
ments by which the price levels of bulk penicillin were drastically re- 
duced during the years 1945-56. 

Prices of penicillin in dosage forms.—Penicillin dosage form prices 
fell sharply from the original price of about $20 per vial of 100,000 
units in 1943 when only very small quantities of penicillin could be 
produced. By August 1945, when greatly advanced production tech- 
niques had come into use, it was reported that the price of penicillin 
was “well below $1 per vial” of 100,000 units and further, that many 
large purchasers were buying at prices “below current market quota- 
tions.” *° By 1947 the 100,000-unit vial was being sold to retailers at 
a price of about $0.29 or $0.30 per vial, and vials containing 1 million 


10 Memorandum dated October 30, 1945, from Lawrence Brown, Assistant Director of 
the Chemicals Bureau, War Production Board. 
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units of potassium penicillin were priced at approximately $2.40 to 
retailers late in 1947. Prices continued at this level through 1948. 

In 1948, procaine penicillin was introduced, and quickly became the 
most widely used type of penicillin. Many of the original introduc- 
tory dosage forms of procaine penicillin, as for example, the 3-million 
unit vial in aqueous suspension, have remained in use up to the pres- 
ent writing. Therefore, the 3-million unit vial of procaine penicillin 
has been selected to illustrate, in a detailed presentation, the course 
of penicillin dosage form prices to retailers and to hospitals from 
1948 through 1956. 

The following analysis is confined to procaine penicillin price trends 
during the period of discussion. One reason why the analysis must 
be considered as relating solely to the trend of prices during the years 
1948-56 is that the original manufacturers replying to the Federal 
Trade Commission’s 1956 data request indicated that at particular 
times, competition in the sale of procaine penicillin dosage forms has 
been such that actual prices charged differed from published prices. 
Therefore, price changes, as they appear in table 43 and as discussed 
in the text, tend to lag behind actual company prices during particular 
periods. Thus, no comparisons are intended among the various com- 
panies’ actual prices at any particular time. 

The introduction of procaine penicillin in 1948 was of major im- 
portance since this form of penicillin remained active in the blood- 
stream for much longer periods than any other form of penicillin 
known at that time. In order to illustrate the course of procaine peni- 
cillin prices from 1948 through 1956, prices quoted during these years 
by four sellers of these products—Abbott Laboratories, Bristol Lab- 
oratories, Chas. Pfizer & Co., Inc., and Wyeth Laboratories—are pre- 
sented in table 43. | 

Three separate dosage forms containing 8 million units (10 doses) 
of procaine penicillin which have been offered at various times by one 
or more of the four companies listed in table 43 will be used to illus- 
trate price trends in this period. These dosage forms are: (1) pro- 
caine penicillin in oil; (2) procaine penicillin in oil with 2 percent 
aluminum monostearate; (3) procaine penicillin in aqueous suspen- 
sion. During the years 1948-56, all three dosage forms were at certain 
times offered to retailers at an identical price per 8 million units. At 
other times, price differentials have appeared among the three dosage 
forms. 

Of the 4 companies chosen for this presentation, Abbott was 
the first to introduce procaine penicillin in oil, in the 10-dose, 3-mil- 
lion-unit vial, offering the product to retailers in February 1948 at 
a price of $10. In October 1948, Abbott lowered the price by 20 
percent, to $8. In the same month, Bristol] marketed 3 million units 
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of procaine penicillin in oil with 2 percent aluminum monostearate, 
at a published price of $10. Still later in October 1948, Bristol 
reduced its price io $8, matching Abbott’s October reduction. By 
March 1949 both companies were offering both dosage forms for $6, 
and by this time Wyeth had entered the market. It was selling 
3 million units of procaine penicillin in oi] at $6, the same price as 
that quoted by Abbott and Bristol. 
Another price reduction had occurred by June 1949. Bristol was 
selling the aluminum monostearate dosage form for $4.19; Abbott 
and Wyeth, however, were listing the product at $4.50; Abbott offered 
both the aluminum monostearate form, and the product in oil without 
aluminum monostearate to retailers at the same price, namely $4.50. 
Wider disparities in list prices appeared by December 1949. Wyeth 
continued to maintain a $4.50 price while Abbott reduced its price for 
both dosage forms (in oil and in oil with aluminum monostearate) to 
| $3.25. 
| Bristol was the first of the companies chosen for this presentation 
to market procaine penicillin in aqueous suspension, offering this 
| particular dosage form at $3.56 to retailers in December 1949. 





Bristol’s price for the aluminum monostearate form had been re- 

duced to $2 in the same month, marking its lowest published price 

for procaine penicillin since the product was introduced in 1948. 
Early in 1950 Abbott introduced procaine penicillin in aqueous 
suspension, listing the dosage form to retailers at $3.25. Abbott’s 
published price for both the aqueous suspension and the aluminum 
/monostearate dosage forms remained at this level through the re- 
| mainder of 1950 and during the entire year 1951. Thereafter, Abbott 
discontinued the dosage form in oil. 
Meanwhile, in March 1950, Bristol reduced its published prices 
to retailers for procaine penicillin in aqueous suspension from $3.50 
to $2.60, and for aluminum monostearate from $2 to $1.78. Wyeth’s 
prices in March 1950 were $3.25 for aqueous suspension and $2 for 
procaine penicillin in oil, There was thus considerable variation 
in prices at which each of the three sellers—Abbott, Bristol, and 
: Wyeth—were offering the same dosage forms. 
In April 1950 Pfizer entered the market, selling directly to the 
drug trade, physicians, and hospitals under the company’s own label 
for the first time. Prior to this date Pfizer sold antibiotics in bulk, 
including unlabeled dosage forms, but only to other manufacturers 
| 
| 





and to compounders, packagers, and large wholesalers, This com- 
pany’s first offering of procaine penicillin in oil was at $2.60 to 
retailers. Pfizer’s aqueous suspension dosage form was priced at 
- $3.25, which was the published price being quoted by Abbott, Bristol, 
and Wyeth to retailers for this dosage form. 
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Bristol, which as previously noted, had reduced its published price 
for the aqueous suspension form to $2.60, increased it to $3.25 in 
April 1950, matching the price charged by Abbott, Bristol, and Wyeth 
for this dosage form. This price level for aqueous suspension con- 
tinued until January 1952, when Abbott and Wyeth announced 
reductions to $2.25. 

By April 1952, Abbott, Bristol, and Pfizer had lowered prices for 
the aqueous suspension form to $1.40. Wyeth’s price for this dosage 
form was quoted as $1.80 in March 1952, and as $1.56 in April of the 
same year. It is interesting to note that all three dosage forms of 
procaine penicillin—i. e., in oil, in oil with 2 percent aluminum mono- 
stearate, and in aqueous suspension—were selling in April 1952 at 
the same price, except that Wyeth charged $1.56 for procaine peni- 
cillin in oil and in aqueous suspension, compared with $1.40 quoted 
by the other three companies offering these dosage forms. 

Published prices remained the same during the rest of 1952 and 
until January 1953, when Abbott lowered its prices to $1.04 on both 
aqueous suspension and oil suspension with 2 percent aluminum mono- 
stearate. Wyeth’s prices were lowered to $1.21. Pfizer reduced its 
prices to $1.04 1 month later, February, matching Abbott’s prices. 
In April 1953, Bristol matched Abbott’s and Pfizer’s price of $1.04. 
Wyeth, on the other hand, lowered prices to $1 in April, but raised 
them again to the $1.04 level in July 1953. 

These prices continued to be quoted in price listings by all four 
companies until October 1954, when Abbott reduced prices to $0.80 
per 3 million units. This price was met by Wyeth in December 1954. 
and in April 1955 by Pfizer. According to price filings submitted to 
the Federal Trade Commission," Bristol Laboratories did not change 
its quoted price of $1.04 during 1954 or 1955, even though another 
price reduction was initiated by Abbott in May 1955. In lowering 
its prices on this occasion, Abbott again opened up a price differential 
between aqueous suspension and oil with aluminum monostearate 
dosage forms. This was the first such differential to appear since 
Wyeth’s price charge of April 1953. 

Abbott’s aqueous suspension price dropped to $0.56; the aluminum 
monostearate price was reduced to $0.60, however. By June 1955, 
Wyeth’s price for the oil suspension dosage form was quoted at $0.56, 
the same price quoted for aqueous suspension. The prices were matched 
by Pfizer in April 1956, and in December of that year, Bristol reduced 
its price to $0.56 for both oil with aluminum monostearate and 
aqueous suspension dosage forms. Abbott’s prices remained at their 
1955 level which, as noted, was $0.56 for aqueous suspension and 
$0.60 for oil with aluminum monostearate. 


uFTC data requests, 1956 and 1957. 
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_ Based on the data presented in table 43, the following conclusions 
imay be stated. In terms of dollar amounts, the greatest price reduc- 
tion occurred between February 1948 and December 1949. During 
jthis period, the price fell from $10 to $3.25. Thereafter the prices 
continued to decline steadily until they reached the low point of 
$0.56 in May 1955. During the remainder of 1955 and in 1956, the 
iprice of $0.56 became established as the prevailing price for aqueous 
suspension, whereas the price for the two oil suspensions varied from 
£0.56 to $0.66. In percentage terms, the price of 3 million units of 
procaine penicillin in 1956 was 5.6 percent of the introductory price 
jof $10 for 3 million units of procaine penicillin in oi] which had been 
established in 1948. : 


Comparative price levels of selected antibiotics 


At this time a comparison of price levels among various antibiotics 
will be undertaken. For this purpose it has been necessary to con- 
‘vert the various antibiotics discussed in this chapter to a standard 
‘unit of measure, grams."? This necessity arises from the fact that the 
ivarious types of penicillin are characterized by differing potencies 
which are measured in units rather than in weight. No comparison 
of efficiencies among the various antibiotics is intended in making these 
conversions, since the effectiveness of a particular antibiotic in use 
depends upon a wide variety of possible circumstances. 

_ The conversions were made on the basis of the theoretical potencies 
of chemically pure penicillins hereinafter considered. The theoretical 
potency of each and all of these substances and their respective con- 
version factors (potency units per milligram of a specified dosage 
form) have been established by the Food and Drug Administration. 
Since the theoretical conversion factors have been used in all instances 
in which a conversion of unit price into gram price has been made, 
the fact that some dosage forms of antibiotics may be slightly below 
: or slightly above this thenrenen! potency does not affect, on the whole, 
the validity of the price per gram comparison. With es qualifica- 
tions, the following analysis is presented. 
As indicated in table 48, 8 million units of procaine penicillin in 
- aqueous suspension were sold to retailers by major manufacturers for 
about $0.56 in 1956. Since 1 gram of procaine penicillin contains 
1,009,000 units theoretical potency,** it follows that about 3 grams of 
procaine penicillin sold for $0.56, or approximately $0.19 per gram, in 
1956 in this dosage form.” 





12The grams used here are measures of antibiotic activity or potency rather than of 
weights. 

18 Donald C. Grove and William A. Randall, Assay Methods of Antibiotics: A Laboratory 
Manual, Medical Encyclopedia, Inec., New York, 1955, p. 18. 

14 Here and in the rest of Ch. VI, it must be understood that the manufacturers do not 
quote or sell these dosage forms on a per-gram basis. Whenever a per-gram price is men- 
tioned, it means that this would be the price if the published price were translated into 
per-gram terms. 
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The computed prices per gram in 1956 of 5 major manufacturers and 
of 6 other companies marketing this dosage form under their own 
labels are listed below: 


Manufacturers: Price 
Abbotitcut cent. Suita esto Tere es eee Del es a $0. 19 
Bristol oct cit A a Be, Oe eee eon le 19 
PGW > suas > rp See ge oe i LL OD pee A ee aes SU oe ee 19 
NV VO Ca oa ois Se ae Sis ces i ew a eee 19 
Ho 0 (0) 4 | cp Se eit legged Steel Balm ct Pes A teat Ma nt at da tera AB og Sk Nea i 31 

Packagers: 

V elites! Cosette ces die h eee I ee ee ah «ied 2 eee 15 
Caprock- Pirarmatel Cot chic) too ote ey ei eee hs ee et oie le 
Tranmetwieo. 228 acc ee et a ee ee a ee > 2a 
Dar lie MLO RBCIN OUI OR 6 jasc a oe Bi cs cae er pe ee ier . 23 
Geo. A. Breen a a ost-ci a. Bo eS a ee ie he . 24 
Chase: ChemicalieCoi. oh. 3s ee ee eee . 45 


1 Although Lederle manufactures certain antibiotics, it is not an original manufacturer of procaine pen 
icillin. In the same manner as the six “packagers,” Lederle purchases procaine penicillin in b 


Source: American Druggist Blue Book, 1956-57, and FTC data requests, 1956 and 1957. 


Of the 12 original manufacturers of antibiotics in 1956, at least 2— 
Lederle Laboratories and Eli Lilly & Co.—offered procaine penicillin 
in tablet form. Various compounders and packagers offered this 
dosage form, of which four—American Drug Products, Lannett Co., 
Veltex Co., and Vitamix Co.—have been selected for this presentation. 
Based upon published prices of these 6 companies for their various 
preparations of procaine penicillin in tablet form in 1956, prices 
ranged from $0.13 per gram to $0.75 per gram, depending upon the unit 
content per tablet and the particular company whose product is 
chosen for computation. 

For example, as reference to table 44 will show, Lederle Labora- 
tories’ price per gram for procaine penicillin in tablet form may be 
as high as $0.73 per gram or as low as $0.59, depending upon whether 
a package containing twelve 50,000-unit tablets is used for computa- 
tion, or whether a package containing twelve 250,000-unit tablets is 
selected. One hundred tablets, each containing 50,000 units of pro- 
caine penicillin is sold by Lederle at $0.71 per gram, while 100 tablets, 
each containing 100,000 units of the product, is priced at $0.64 per 
gram by Lederle. A differential also exists where tablets of equal 
potency, 50,000 units for example, are sold in packages of varying 
numbers of such tablets. Twelve tablets of this potency are sold by 
Lederle at $0.73 per gram, 100-tablet packages are sold at $0.71 per 
gram, and 500-tablet packages are priced at $0.63 per gram. Dif- 
ferences in packaging and finishing costs probably explain this range 
of computed prices per gram at least in part, since it seems apparent 
that it costs more to prepare and label 41 bottles, each containing 12 
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tablets (or a total of 492 tablets), than to place the same number of 
tablets into one labeled bottle. 

On the other hand, differing packaging costs can hardly account 
for the price difference shown by table 44, where the same number 
(100) of the same size tablets (100,000 unit) are offered by various 
sellers at prices per gram ranging from $0.14 (American Drug Prod- 
ucts) to $0.75 (Vitamix). 


TABLE 44.—Computed price per gram of procaine penicillin to retailers: 1956 


[In tablets] 
American 
Tablet form Lederle Drug Lannett | Veltex | Vitamix | Lilly! 
Products 
50,000 units: 
ise (OG: Oran a= See SOS oil Re eee eee ea een ee $0. 75 $0. 62 
NOOiSi(G grams) cee: Set Sees Bahl $0;.20|2.8 20 eee $0. 28 2,58 - 60 
O0OIS: (2b7eramsS) 22 ao ee OC Fl Se Spa Le ark Pa | Oe Perea ye tes (ee eas 
100,000 units: 
N2iSH@le2tOTAMS eae ea a se ee AC satial esas PE RU Sen ie PL Pee ee . 63 . 58 
HOOSE(LO/ eras) 22. see aie To . 64 .16 $0. 30 325 2,48 . 55 
BO SOO SEAMS) oc. oo opti casccencacls WO seed Fae BAS a laa (IADR ee tof TEN eae 
250,000 units: 
AS fd 0) ee SOU pec ee keen eee ees aula we ce . 60 . 50 
HOO SR(2OrEEAINS) © Pete eon 7 eae 28 14 - 26 .19 2,38 . 48 
SOO {Sn (Dor Oralis) ae eee eee ee eee Rr ae eI ea 21S Se Sees | cee tareT al |= Sere ea 
OOOSHCZ50 OT AMIS) We oat Sess Oa ee A ee ee a go ee . 23 Daal eee Sao es ea ees Ae ate, 


1 Although Lilly sells only to wholesalers, which resell to retailers, prices of Lilly’s procaine penicillin 
products to retailers are published in Drug Topics Red Book, 1957. These published prices were used in 
preparation of this table. 

2 The Vitamix Co. offers this product in packages containing 120 tablets. Price computations have 
been adjusted accordingly. 


Source: American Druggist Blue Book, 1956-57; Drug Topics Red Book, 1957 (published fall of 1956); 
FTO data request, 1957. 


There is thus considerable variation in the calculated price per 
gram of procaine penicillin in tablet form, depending upon the potency 
of the tablet, the number of tablets per package, and which company’s 
product is selected for purposes of computation. A similar variation 
exists in the computed price per gram of procaine penicillin sold in 
suspension. However, the price per gram of procaine penicillin in 
tablet form is usually somewhat higher than the price per gram of 
procaine penicillin in aqueous suspension. 

An even greater differential existed among prices charged by the 
various sellers of potassium penicillin, one of the older and much less 
widely used salts of penicillin. 

This particular salt of penicillin is offered in tablet form by most 
companies engaged in the distribution of antibiotics. The computed 
prices per gram charged to retailers by Abbott Laboratories, Bristol 
Laboratories, Merck, Sharp & Dohme, Chas. Pfizer & Co., and Olin 
Mathieson Chemical Corp., all original manufacturers of antibiotics, 
are specified in table 45, as are the prices of four additional companies 
which purchase potassium penicillin in bulk and resell it in dosage 
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form under their own labels. These four companies are: American: 
Pharmaceutical Co., Evron Co., Raway Pharmacal Co., and Veltex Co. . 

The price per gram of potassium penicillin varies depending upon: 
unit content of tablets, the number of such tablets per package sold, , 
and the pricing policy of the particular manufacturer whose product | 
is used for determining price per gram. Determinations of price per ' 
gram are based upon the following relations: chemically pure potas- 
sium penicillin has a potency of 1595 units per milligram, or 1,595,000 
units per gram. The gram content of particular tablet dosage forms 
is determined by multiplying the unit content of individual tablets by 
the number of such tablets and dividing the sum by 1,595,000 units, 
the theoretical potency of potassium penicillin. For example, to 
determine the gram content of 12 tablets, each containing 250,000 
units of potassium penicillin, multiply 12 250,000 and divide the sum, 
3 million units, by 1,595,000. The result is 1.89 grams. This amount 
of potassium penicillin is sold to retailers for $1.50 by Abbott Labora- 
tories, or for 79349 cents per gram. Rounded off, this figure appears 
in table 45 as $0.79 under Abbott’s name. Abbott’s price for potas- 
sium penicillin per gram runs as high as $0.91 per gram, for 25 tablets, 
each containing 100,000 units, to as low as $0.59 for 1,000 tablets, 
each containing 100,000 units. 


TABLE 45.—Computed price per gram of buffered potassium penicillin tablets 
to retailers: 1956 


Ameri- Olin 
can Ra- Bristol | Merck | Chas. | Mathie- 
Tablet form Abbott} Pharma-| Evron | way | Veltex | Labo- | Sharp | Pfizer son 
ceutical Co. Phar- Co. |ratories & & Co., | Chemi- 
Co. macal Dohme} Ine. cal Co. 
(Squibb) 
100,000 units: 
poe of 25 (1.56 
NS) 2 em pear SOS OI | 22a. eee ante ee MOREE re re en eae ee (ee eel ee 
Bottle of 100 (6.26 
GINS) hss see ose . 88 $0.49 | $0.54 | $0.32] $0.51 | $0.88] $0.88] $0.88 $0. 88 
Bottle Sy 250 (15.67 S 
Battle of 1,000 (62.68 
grams) (4/250 ) ete gO tae noes cl ae eel ee re . 43 #69 oR uclee lee ee 
250,000 units: 
sey of 12 (1.89 
Listierk Setar oe (9 Boke Sec albe coe asec ee cee meena .79 (Quine eee 79 
Bottle of 100 (15.67 
gram ae Bee cet eder 4 eo ihe 43 45 20 730 77 Teh 77 77 
600,000 units: 
ee of 12 (8.76 
TNS) tte ee 72 56 AC i i ieee aie et Nee ate as | ane oe en rf a (Seems ere eS 
Boise of 100 (81.35 
SPAMS) Pea ee . 63 . 36 - 34 A/S (eee ee| Verena er — ae ee 6632 ee 





Source: American Druggist Blue Book, 1956-57; Drug Topics Red Book, 1957 (published fall of 1956); 
FTC data request, 1957. 


All five of the original manufacturers quoted the same price per 
gram for each commonly offered dosage form of potassium penicillin 
in tablet form in 1956. As an example, all five companies charged 
$0.88 per gram for 100 tablets each containing 100,000 units of po- 
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tassium penicillin. The four companies which purchased this anti- 
biotic in bulk sold this dosage form to retailers at varying prices 
per gram. American Pharmaceutical Co. quoted $0.49 per gram, 
Evron Co., $0.54; Raway Pharmacal Co., $0.32 per gram; and Veltex 
Co., $0.51 per gram. 

| <A similar pricing situation existed at the conclusion of the time 
period covered by this report with respect to preparations of 100 tab- 
lets, each containing 250,000 units of the product. Abbott, Bristol, 
‘Merck, Pfizer, and Olin Mathieson (Squibb) listed this dosage form — 
at a price equivalent to $0.77 per gram, while American Pharma- 
ceutical offered it at $0.43, Evron at $0.45, Raway at $0.27, and Veltex 
at $0.35. 

Unlike the marketing situation relating to procaine penicillin and 
‘potassium penicillin, which are offered by many sellers at widely 
varying prices, benzathine penicillin is sold by a limited number of 
companies at a uniform price. Only those companies may sell this 
product which were authorized to do so as a result of the benzathine 
penicillin interference settlement agreements. 

On February 3, 1953, a basic product patent (U. S. Patent 2,627,- 
491) covering benzathine penicillin was issued to Wyeth. Prior to 
this date Wyeth’s patent application had been in several interferences 
with applications of Pfizer, Lilly, and Bristol. In connection with 
the settlement of these interferences, early in 1953 Wyeth granted 
Pfizer, Lilly, and Bristol nonexclusive licenses to make, use, and sell 
benzathine penicillin. This product is said to remain active in the 
blood stream for a period longer than any other known forms of 
penicillin, including procaine penicillin. The total quantities of 
benzathine penicillin sold during the years covered by this report 
were relatively small, and the prices charged to the retailer by the 
sellers have been maintained at a level considerably higher than that 
of procaine penicillin. 

Pfizer’s trademark for benzathine penicillin is Permapen, while 
Wyeth’s is Bicillin.® A representative dosage form comprising 10 
disposable cartridges with sterile needle, each cartridge containing 
600,000 units of benzathine penicillin, has been selected to illustrate 
the prices at which Pfizer and Wyeth sell their respective brands of 
benzathine penicillin. Commencing with 1954, both companies 
charged an identical price of $11.30 to the retailer for this dosage 
form. No suggested price to the consumer was reported by Wyeth. 
Pfizer’s suggested price to the consumer, as reported to the Federal 
Trade Commission, was $18.33. This price, like the price to the 
retailer, has remained unchanged since the product was introduced. 








15 Lilly offers only one dosage form of benzathine penicillin (Neolin). Bristol offers 
only 2 dosage forms (Panbiotic) both of which contain combinations of benzathine penicil- 
lin with 2 other salts of penicillin. 
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Another benzathine penicillin dosage form marketed by Pfizer and 
Wyeth under their respective trademarks is what Pfizer calls Perma-— 
pen Fortified. This dosage form is a mixture of procaine penicillin 
and benzathine penicillin and is sold in lots of 10 vials, each vial con- 
taining 300,000 units of benzathine penicillin and 300,000 units of | 
procaine penicillin. The price to the retailer is $9 for 10 vials. Again, 
as in the case of the dosage form containing 600,000 units, this price 
has remained unchanged. 

From the standpoint of pricing on the basis of potency, this com- 
bination dosage form presents the following aspects: The 10-vial 
package contains 3 million units of benzathine penicillin and 3 mil- 
lion units of procaine penicillin, or a total of 6 million units. Benza- 
thine penicillin sold by itself has been priced to the retailer at $11.30 
for 6 million units in 10-vial lots of 600,000 units each. If this price 
were used for comparison, the relative value of half that potency sold 
in combination dosage would be approximately $5.65 (one-half of 
$11.30). Ten-vial packages containing 3 million units of procaine 
penicillin were sold to retailers at $1.04 in 1954 (see table 43). On 
the basis of these individual substance prices, the price for 3 million 
units of each of the two when sold in combination would be on the 
order of $5.65 plus $1.04, or $6.69 for 10 vials instead of $9, the price 
which has been quoted since 1954, notwithstanding the fact that the 
price of 3 million units of procaine penicillin was reduced to $0.56 be- 
tween 1954 and 1956. 

There was similarity among the prices per gram of the broad spec- 
trum antibiotics in 1956, considered more fully in a later section of 
this chapter, and erythromycin, phenoxymethy] penicillin, and benza- 
thine penicillin. As shown in table 46, all of these antibiotics have 
been sold in tablets ** in varying potencies ranging from 50- to 300- 
milligram antibiotic content per tablet, except benzathine penicillin 
tablets, the antibiotic content of which is measured in units. As to the 
latter, the price per gram of benzathine penicillin tablets has been 
computed on the basis of the theoretical potency of 1,211,000 units 
equaling 1 gram.?” 

Converted to the per-gram basis, the prices of these antibiotics in 
1956 ranged from $1.51 per gram down to $1.12 per gram. For 
example, per-gram prices of broad spectrum antibiotics sold in tablet 
form varied from $1.51, for a bottle of 25 tablets, each of which 
contained 50 milligrams, down to $1.22, for 100 tablets, each of which 
contained 250 milligrams. These varying prices per gram appear to 
be related to at least two factors: (1) the potency of the particular 

1¢The prices of those of the above-mentioned antibiotics which are sold in capsule 
form do not differ from the tablet form prices. 


47 Donald C. Grove and William A. Randall, Assay Methods of Antibiotics, a Laboratory 
Manual, Medical Encyclopedia, Inc., New York, N. Y., 1955, p. 19. 
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tablet, and (2) the number of such tablets in each package. As the 
potency per tablet increases, and as the number of tablets per package 
increases, the price per gram correspondingly decreases. (See table 
46.) 

Table 46 shows that prices per gram of broad spectrums, erythro- 
mycin, and penicillin V (phenoxymethyl] penicillin) are at about the 
same level. For example, 100-milligram tablets of broad spectrums 
and erythromycin sell for between $1.44 and $1.38 per gram, depend- 
ing upon the number of tablets per package. Penicillin V, in 125- 
milligram tablets, sells for $1.44 per gram. 

A like similarity exists with respect to tablets of greater potency. 
Tablets containing 250 milligrams of broad spectrums or erythro- 
mycin sell for prices ranging between $1.28 and $1.22, depending upon 
the numbers of such tablets. Penicillin V sells for $1.20 per gram in 
both 250-milligram and 300-milligram tablet potencies, as indicated 
by table 46. 

Benzathine penicillin is priced on a somewhat lower level than the 
aforementioned three groups of products. Only one company, Wyeth, 
sells benzathine penicillin in tablet form, and this company charges 
$1.21 per gram for 100 tablets, each containing 100,000 units, and 
$1.12 per gram for 36 tablets, each containing 200,000 units. 


TABLE 46.—Computed price per gram, broad spectrum antibiotics, erythromycin 
and penicillin specialties: 1956 


[In tablets and capsules] 


Pfizer Lilly Abbott Wyeth 








Tablets 
Broad | Erythro-| Peni- | Erythro-| Benza- Peni- 
spectrum| mycin | cillm V |} mycin thine cillin V 


———— | | | | 


60 milligrams: 
Dist 2orerams) ose eo See ee $1. 51 
OOISH(S  Oramis) sc wees Se ye ce 1. 45 
100 milligrams: 
OBIS (2)5;2TAaMS) i ea soon Ieee D/O a abet eR ee $1. 44 
SOSH (SeOlOLAINS) pafee weer es oe ele see ee. C3 ag a tat ne eee Beal] ep MeN, bene aa a 
NOG SehhO erams). jo 29625 Seek eee 1.38 DiB8jieeteees 2 1.38 
125 milligrams: 
econ APOC OMS) fame eae eles RSS ea ie] Sede cle OSA auecbefios eeeeans $1. 44 
SUiSa GkoDROTAINS esa eee naa es ele ee a eM Sees Poe Se $1. 44 
250 milligrams: 


ae ee ne ae a we | - He ee ee ee ee ef He ee ee ee | ee ee ewe 


24’s (6 gr 
DL OsSM Ghee OLAS) wae bee mae ee Jed ae er ae Ee ee ee eee 1. 27 
HOOIS: (2b; OTAMIS) e522 5 ee eee ae 1, 22 Pe 226 Oe he! 1. 22 
BOOM bP STATIS eo Se (GsOVSielnS see aes are en Pal ee Re OS Se ee sl eok ad eee ea ee 1. 20 
OO OOO tN tS 41 O07 Sa(Se2brerdims) 225-2 ao aes 5 ES Se eee eee $1. 21 
POO OOO EDITS S GOrSa (DMO Or eam S sone ean amas | erece eon a (LOE Sees ee Lee eee oe 1.1 


Source: FTC data request, 1957. 


The foregoing comparisons indicate that broad spectrums, eryth- 
romycin, penicillin V, and benzathine penicillin were all sold to re- 
tailers in 1956 at a price in excess of $1 per gram, while the common 
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salts of penicillin, such as procaine penicillin and potassium penicil-. 
lin, were sold at less than $1 per gram, and indeed, injection forms of 
these penicillin salts were priced to retailers as low as $0.15 per gram 
by some companies and as high as $0.45 per gram by other sellers. 
Tablet forms of these older penicillin salts sold at prices ranging from 
$0.14 to $0.91 per gram. As will be described more fully in the next 
subsection of this chapter, streptomycin and dihydrostreptomycin are 
sold by various sellers at prices between $0.22 per gram and $0.38 per 
gram. 


Price history of selected streptomycin products 


Bulk prices of streptomycin and dihydrostreptomycin.—There is a 
distinct similarity between the behavior of the bulk prices of strepto- 
mycin and dihydrostreptomycin, on the one hand, and the bulk peni- 
cillin prices, on the other hand. Both groups of bulk prices declined 
by more than 99 percent between the end of World War II, when they 
were made available for civilian use, and 1956. 

Since the introduction of dihydrostreptomycin there has been no 
significant difference between the bulk prices of streptomycin and di- 
hydrostreptomycin. Accordingly, the prices specified in table 47 below 
apply to both products. The prices of two representative companies, 
Pfizer and Merck, are presented for the purpose of illustrating the bulk 
price trends of the two products from their introduction through 1956. 
Prices of unlabeled dosage forms are included in this discussion of 
bulk streptomycin and dihydrostreptomycin. 

In 1946, the bulk price was $16 per gram. By December 1948, this 
price had fallen to $0.819, a decrease of more than 95 percent. Between 
1949 and 1952, bulk prices continued to fall, reaching a level of $0.1998 
per gram in December 1952. Between 1953 and the first half of 1956, 
the price of one manufacturer (Pfizer) dropped to 7 cents on sales 
of 250 kilograms or more, while Merck quoted the same price for pur- 
chases of less than 500 kilograms, and a price of $0.06 for quantities 
over 1,000 kilograms on contract. During the second half of 1956, 
Pfizer’s price increased to about 7.7 cents, and Merck increased its price 
to 7.6 cents. Thus, the total decrease between 1946 and 1955 amounted 
to about 9914 percent, which is approximately the same reduction as 
occurred in the sale of bulk penicillin during a comparable period. 

As in the case of penicillin bulk, some of the manufacturers sup- 
plied bulk streptomycin and bulk dihydrostreptomycin under special 
contractual arrangements. As shown by table 47, these contract prices 
were on occasion considerably lower than the noncontractual bulk 
prices. In 1956, for example, the noncontractual bulk price was about 
7 cents per gram, while the lowest contract price was 4.1 cents. 
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Tase 47.—Bulk! prices per gram, streptomycin and dihydrostreplomycin: 1946-66 











{In dollars} 
Month Year Pfizer 2 Merck 2 
Hebruary....--=.. TAUB Eade Co aa er eR” i ce 
: NG a ies See 1 ONG) at ed DISS OB ef a ee Ae 26 ioc 
October..o.2.-.2.2 GAG IRA wii a cate ect ee Sea gear ae 4.50.* 
November-_.._-.-- OA GPA OF ad Ae aA NS Sere Se es 2.88.* 
MeDLUALY =. 2.--.-— Deter te ee ee eR a See hs 
MCtODCDs = le ee OAT DAO Ses eee rae ee Ae ES, 218s 
December-_...-.-- OA eal li iG ie aero a we tha Neem lata NE ti io 
TSA: AR ate po ae AO ey ene eae 1.776 
Blancieose eee a5 1 Go) FART} ee 2 en ae ate ae ae 
LASS See ie A ae SSI es ee Oe noes Mie 
SOG) S Se ee ase OA Sad ieee tie et liethe senate Sh alee, eran ha 1.408.* 
1.30. 
Belay oe ee JIE aS? (hs cP ake a a ee 
1S0 ein. SAR Re ee es WES 
Siirhy se 2ce es OAS Sal AO QA a were Me ee ee ce 1.024.* 
OOD s were Nhs SRE ee ek 2 See 0.92. 
November-_-_-_---- OAS Fe eee aa oe See, igen mre ores Sev Riad 8 Dihydrostreptomycin offerred at same 
price as streptomycin. 
> 0.8192* (dihydrostreptomycin of- 
December. -_...--| 1948 0°72 ferred at same price as 
i streptomycin). 
mmaceh = soe 194 ONO FOP ae ee ee. Se Ee ee ee EL 0.512.* 
Raine Uy ieee ae Gee ieee. hike nol 0.412 
December. .-.-....-- 04H [SO SLDEs eee tee tees eed ee SS 0.384,* 
(553) eee ae Fe Se eee ee eee 0.384. 
mebruary..2..-s--- L950 R| eee ae a es aera ee ENS 0.30* (contracts). 
0.231 (contracts). 
mrancl! {23.2 3. WOSZAEOQISO Neer eke sco ee thee ee ee oe 
S27 (SIRS = SAR se 2 SV ER aD Oni. 
SARS gee eee IDG 29 | SOMA on yee ne ket ee Te. We Oe 
I alata Ra Ek 0.24. 
Metooer i... <5 NOD 2 Rese see wee ee eR OE oe eee” 0. af ah 000 1-gram vials). 
0.1 
November_.....-- OO Zidlp OMI ee eee aes De eli eae eee s fe 
0.18 (less than 100 kilograms). 
0.16 (100 kilograms or more). 
December. -..-.---- ae IO ROO Rie aren ein ee aie ae 0.27* (1,000 1-gram vials). 
0.18 (less than 100 kilograms) _____- 0.16. 
0.16 (100 kilograms or more). 
mebruary 2... JU 83) i et Oa) (ea ee ea en Dea ae ee ON: 
Octobers..to.-2.. MOS Gm lash Oters See oe ee eee oe 0.24* (1,000 1-gram vials). 
November-_-__.---- GSS | AOUIG TE Se Vegi Rese 1 Ploy Pe Fe 0.23* (1,000 1-gram vials). 
Milarcho 25.22... TCU a Seat Co 2 Rilo eae eens ne! Care ene a ete 0.22* (1,000 1-gram vials). 
0.21* (2,000 1-gram vials). 
0.20* (5,000 1-gram vials). 
0.19* (10,000 1-g1am vials). 
0.18* (25,000 1-gram vials). 
0.17* (50,000 1-gram vials). 
0.16* (100,000 1-gram vials). 
December--...---- OFLA el 2O0GH eat 2 eee nok eee 6.1325* (contracts). 
1 ee See Se reece re ae ener ae ee 0.925 (contracts). 
SS er VOSS NE Sai at = ee ek 5 Mt Pa Dak aS 0.125* (dihydrostreptomycin contracts) .3 
0.127* (streptomycin contracts) .3 
0.090. 
September...-..-- OSG ik eek See mee Saal Ae at el ee 0.108* (dihnydrostreptomycin contracts) .? 
0.11* (Streptomycin cotracts) .8 
0.070 (contract less than 500 kilograms). 
0.065 (contract 500-1,000 kilograms). 
0.060 (contiact over 1,000 kilograms). 
A\j0g) ere 1956 | 0.0745 (less than 50 kilograms) __--- 
0.07380 (50-99 kilograms) -____---_-_. 
0.0715 (100-249 kilograms) ________- 
0.0760 (250 kilograms or more)-_-_.- 
PRINO eo) oe a8 EOE Ge ee cy eee Sete ee ye LS ce 0.041 (dihydrostreptomycin contract). 
0.044 (streptomycin sulfate contract) .3 
i) ee ea ee TD 6 Gia |p set ee td ete pe ee ee POA A Ve 0.12* (dibydrostreptomycin contract) .? 
0.11* (steceptomycin contract) .3 
0.0685 (less than 50 kilograms). 
0.0675 (50 kilograms or more). 
Mctobere-2..-.2 2.2 1956 | 0.0775 (less than 50 kilograms)_-___- 
0.0750 (50 kilograms or more) -__---- 
November____.-_- BO Sg | ese etree ee Bek MERA a TY a 0.0760 (less than 50 kilograms). 


0.0750 (50 kilograms or more). 





1 Prices of unlabeled dosage forms are included in this table, and are identified by an asterisk. Prices 
not accompanied by an asterisk are for bulk products sold as such. 

2 Both Merck and Pfizer reported certain bulk prices per kilogram, other bulk prices on a per gram basis. 
For preparation in this table, all kilogram prices were converted to per gram prices. 

3 Except as otherwise indicated, streptomycin and dibydrostieptomycin were identically priced. 


Source: FTC data requests, 1956 and 1957. 
58 13 
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Dosage form prices for streptomycin and dihydrostreptomycin.— 
Just as in the case of the dosage form price movement of procaine 
penicillin, the dosage form prices of streptomycin and dihydrostrep- 
tomycin, taking 1 gram as a representative dose, were significantly 
reduced between 1948 and 1956. For purposes of illustration, prices 
of two sellers, Merck and Abkott, are presented in table 48. The 
greatest reduction in streptomycin dosage from prices, however, 
occurred prior to 1948, as was the case with sodium and potassium 
penicillin. Streptomycin was first sold in October 1945, at a price of 
$20 per gram. By November 1946, however, the price had declined 
to $4.80 per gram. It was not until December 1946 that streptomycin 
was released for general sale. Thereafter the price declined to $4 
per gram in April 1947, and by March 1948, 1 gram was selling at a 
price of $2.20. ; 

When dihydrostreptomycin was first introduced in November 1948, 
the going price for streptomycin was $1.60. Dihydrostreptomycin 
was quoted at the same price. ‘Thereafter, prices of both of these 
products declined by identical amounts. One month later, in Decem- 
ber 1948, the per gram prices of both products were further reduced 
to $1.28. By March 1949, prices had been lowered to $0.80 per gram, 
and in December 1949, the two products were selling at $0.60 per gram. 

No change occurred in list prices of these products after this date 
until March 1952, when prices were lowered to $0.40 per gram. Re- 
ductions in list prices since that date have been relatively small, 
amounting to only a few cents. Both products were priced by Abbott 
at $0.83 per gram to retailers in 1955 and 1956, while Merck’s catalog 


TABLE 48.—Prices of streptomycin and dihydrostreptomycin per 1-gram dosage 
form to retailers and hospitals fron date of introduction through 1956 


Merck Abbott 
Strepto- Dihydro- Strepto- | Dihydro- 

mycin streptomycin mycin streptomycin 
OctoberntGso ss: 2 le ee ke ee Se oe oN $20200' |e ee fl a ee | i 
Semtembien, 106.62 44-8 oe Sate oe LG OO ak. See Ser aly toa ae 
OctoberosG es Shee ee ee ee BOON Loss oes es ee 
INiOvem ber lO4G= 2s oe ee eee Oe 4 SO lsat ae ees J 
Py ecem Hera G46 yeas so is Se ee Re We Os ea See ee $4.80... 
A rlilOA meet Se rekes abe ees a ER os 400M Sesh oie eee 4.00 -2222..3e 
PACT SEUTS triste teers aes eho ik oe SS Eel Us Te os Sil IE SS es 3.400 J. eee 
IDCCem Del LOA owe ee eek ee BR 2190 We eee ee oe Ey 
INMarelil O48 Se eee eee aes Besa Se eee oe PAA (| Hees Mires ii epee ri 2 20.223. eee 
by ORS. oie oes Ree ee Maen See. oe DOO Se ck ee 1.60.3... ee 
INOVEI Den O48 ety noe Soa as ee ee ce 1. 60 $1. 60 1.60 (2 a ee 
ID ECEMMDCW GAS Ae ree eae ae eee rene 1. 28 1. 28 1. 28 $1. 28 
Neier} 94 Oi oi esa Tas ee nn eS on . 80 . 80 . 80 . 80 
Mecem Her-1940 wakes oe eee S Ae ae Pa Se es 2 . 60 . 60 . 60 . 69 
Wane e1O52 28 Sot oe ee eee eee eee ee . 40 . 40 . 40 - 40 
Jantiany: LOGSS <eeees se eae eee wee oe ee ne . 36 . 36 . 36 . 30 
OCtoberslOS3 Sees DA Se ee ee 1,32 OD ice. Bat eS Ae 
Miao 000s ens oo eat re ee ee eee eens . 36 . 36 33 33 
Jeamtiary 006) 2022-2. cee abet sates . 36 36 33 





! 100-vial lots. 
Source: FTC data requests, 1956-57. 
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price per single vial continued to be quoted at $0.86 even though Merck 
reported a price of $0.32 in October 1953 for 100-vial lots. 

There has been much more intensive price competition in the sale 
of both streptomycin and dihydrostreptomycin than appears from 
published prices of these products. In addition to making periodic 
offers of “free gocds,” one company advised its district sales managers 
in 1954 as follows: ¥ 


As you know, we have been experiencing severe pressure from some of our 
competitors in the form of extra discounts and prices in the antibiotic product 
field. As a result of these prices, we have lost orders and are in danger of 
losing customers. 

We feel that our listed prices are reasonable and fair, and intend to maintain 
them. On the other hand, we cannot afford to ignore any longer the prices 
which certain other manufacturers are giving in certain cases. Therefore, 
we are attaching, herewith, the lowest price which you can quote to meet this 
competition * * * 


Dihydrostreptomycin sulfate crystalline 1-gm. solution.___._____________ $0.20 
Ban varostreptomycin Crystalline, |-em 2 fo ek 19 
PPCM EON VeIl eres COPY) oe uol eon oe Ne a oe 20 
PRECDLOMIVCim sulrate. 2. One “COTY oo 25 ee ee ecu .20 


In August 1955, district sales managers of this manufacturer were 
empowered to sell these products for as low as $0.15 and $0.16 per 
gram in order to meet competition. Published prices of this manu- 
facturer remained unchanged and at a higher level during this period. 
Information regarding competitive deviations from published prices 
is limited, hence no attempt has been made in this discussion to 
describe in detail the various prices actually charged by particular 
manufacturers to meet competition at specific times. Rather, the 
purpose has been merely to indicate the downward course of strepto- 
mycin and dihydrostreptomycin prices between 1946 and 1956. 

Comparative prices quoted by various sellers of streptomycin 
and dihydrostreptomycin, 1956—In the preceding section of this 


chapter, price trends of streptomycin and dihydrostreptomycin prod- 
ucts since their introduction in 1945 and 1948, respectively, through 


I 








! 





| 1956 have been recounted. There were 12 or more sellers of these 
products in every year after 1948, some of which manufactured strep- 


tomycin and/or dihydrostreptomycin themselves, others of which pur- 
chased the antibiotics in bulk, preparing dosage forms therefrom, and 
selling such dosage forms under their own labels.'® In table 49, 
below, prices per gram to retailers by eight sellers of streptomycin 
and dihydrostreptomycin are compared. The most popular dosage 
forms appear to be either dry powder or solution of streptomycin 

18 Source: FTC data requests, 1956-57. 

19 It is not uncommon for companies to purchase already packaged, but unlabeled, dosage 


forms. These dosage forms are then resold to retailers, wholesalers, physicians, or hos- 
pitals under the reseller’s own label. 


182 ECONOMIC REPORT ON ANTIBIOTICS MANUFACTURE 


or dihydrostreptomycin in 1-gram vials or in 5-gram vials. As indi- 
cated by table 49, the price per gram of each product is somewhat 
lower when sold in 5-gram vials than is the case when sold in 1-gram 
vials. 


TABLE 49.—Price per gram, streptomycin or dihydrostreptomycin sulfate, to 
retailers: 1956 


[In 1-gram and 5-gram vials] 
Merck | Parke, 


Product and dosage form | Abbott | Lannett ee Davis Pfizer | Upjohn | Veltex | Vitamix 
ohme 


Tie le ypk ae be gn Aiea, ae 5 a en 


STREPTOMYCIN 
Powder: 
ROTA tee =e 2 See $0. 33 $0. 36 $0. 36 $0. 36 $0. 33 $0. 33 $0.29" |. 
Hera Gers. Secs eee. Senay ee ee . 24 5005 . 24 124 |) 225) os ee 
Solution: 
VOU AIM ee ae rete ae renee ote eee iyote Sco .38 38 oD 35 7 eR, 
SOROS Sees orl ee ale pe ae, Pero gan! 34 . 26 26 22.322: 
DIHYDROSTREPTOM YCIN 
Powder: 
ASSEN Can daa ara a Hees Ae te 68 34 36 nao {38 5 ae 29 $0. 45 
(OTA ODS) a ere ny oe ae, eae on a5 22 aL, Foe OH! . 24 573 . 385 
Solution: 
(lv SA 521 0 a ees ofl ee ee OD (eee ne .38 .38 35 35 200) Se 
ORGS oseerat. Fe Saat wee A ee el Se . 34 . 34 26 26 22°). eee 


110-gram size. 
Source: Drug Topics Red Book, 1957 (published in the fall of 1956); FTC data request, 1957. 


There is very little uniformity in prices per gram among the sellers 
of either product in any of the various dosage forras. For example, 
a 1-gram vial of streptomycin powder is priced to retailers at $0.29 
by 1 seller, at $0.33 by 3 sellers, and at $0.86 by an additional 8 sellers. 
An even wider differential exists among prices per gram for strepto- 
mycin solution when sold in 5-gram vials, varying from $0.22 by 


1 seller, to $0.26 by an additional 2 sellers, to $0.34 for 2 other com-— 


panies. 

Still wider disparities exist with respect to dihydrostreptomycin 
powder when sold in 1-gram vials. One distributor, Veltex, charges 
$0.29 per gram, 3 sellers charge $0.33, a fifth company charges $0.34, 
2 other companies charge $0.36, and Vitamix Co. charges $0.45 per 
gram. A 5-gram vial of dihydrostreptomycin powder, as evidenced 
by table 49, is offered by the different companies at 5 different prices 
per gram, ranging from $0.22 to $0.35. 

Each seller named in table 49 offering both streptomycin and di- 
hydrostreptomycin, with the exception of Lannett, sells comparable 
dosage forms of the two products at the same price per gram. As 
an illustration, Merck, Sharp & Dohme offers 1 gram of streptomycin 
powder and 1 gram of dihydrostreptomycin powder each at $0.36 
per gram, Five-gram vials of streptomycin solution. or 5-gram vials 


of dihydrostreptomycin solution may be purchased from this com: 


pany at a price of $0.34 per gram. 
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Government procurement of penicillin and streptomycin 


Large quantities of dosage forms of penicillins and streptomycins 
are purchased by Federal Government agencies. Manufacturers quote 
lower prices to such agencies on large volume orders for centralized 
delivery than are quoted to wholesalers, retailers, and hospitals. 
For example, procurement for the Armed Forces is channeled 
through the Military Medical Supply Agency, which is the successor 
to the Armed Services Medical Procurement Agency. Other agencies 
which purchase large quantities of penicillins and streptomycins 
are the Veterans’ Administration, the Department of Health, Edu- 
cation, and Welfare, and the Federal Supply Service of the General 
Services Administration. 
A study of the prices paid by the Armed Services Medical Pro- 
curement Agency for penicillins and streptomycins on contract 
awards during the years 1949 through 1956 indicates that there was 
keen price competition among manufacturers, as a result of which 
the Government benefited. Two antibiotic dosage forms, both of 
which are bought in large volumes, have been selected to illustrate 
the prices paid by Government agencies during the years 1949 to 
1956, inclusive. ‘The first of these is procaine penicillin G for aqueous 
‘Injection, purchased on the basis of 1,500,000 units per bottle, and 

the second is dihydrostreptomycin sulfate, in 1-gram quantity in 
bottles. Since these two representative dosage forms of penicillin 
-and dihydrostreptomycin are sold in different amounts, their price 
histories will be discussed separately. It may be stated at the outset, 
however, that the patterns of price movements of the two substances 
are similar. 
Procaine penicillin G'.—Table 50 below lists the prices paid by the 
Armed Services Medical Procurement Agency for procaine penicillin 
G for large quantities stated in number of bottles of solution of the 
' specified unit strength. The period covered is from July 1949 to 
October 1956. 

On July 20, 1949, Squibb sold procaine penicillin G (1,500,000 units) 
to the Armed Services Medical Procurement Agency at a price of $1.09 
per bottle. In August 1950, 13 months later, the same company 
offered the same product to the Armed Services Medical Procure- 
ment Agency for only $0.49 per bottle, a decline in price of more 
than 50 percent in little more than 1 year. To be sure, the quantity 
purchased from Squibb in 1950 was twice as great (64,200 bottles) 
as that purchased from Squibb in 1949 (80,000 bottles). The fall in 
| price cannot be accounted for solely by the larger quantity purchased, 
however, since Lilly, at about the same time, sold 10,000 bottles to 
the same agency at $0.59 per bottle. 
| Thereafter, during the remainder of 1950 and through 1951, the 
| price continued to fall gradually, to a level of $0.334 per bottle (on a 
purchase of 33,000 bottles) in February 1952. 
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The next sharp price reduction occurred in June 1952, when Pfizer 
sold 223,800 bottles at a price of $0.245 per bottle, a price almost 28 
percent below that charged by Lilly only 4 months earlier. Bristol 
countered with a sale of 321,000 bottles at $0.20 per bottle on April 6, 
1953. Thereupon Pfizer reduced its price to $0.19 for 132,000 bottles 
on April 17, 1958. Bristol cut its price to $0.179 per bottle on June 8, 
1953, on a sale of 300,000 bottles. Pfizer responded on June 30, 1953, 
with a price of $0.175 on a quantity of 48,000 bottles. 

On September 14, 1953, Lilly sold 60,000 bottles at $0.17 per bottle, 
and 2 weeks later Pfizer sold 80,400 bottles at $0.16 per bottle. By 
December 1953, Pfizer was selling for $0.145 per bottle. This price 
was not met by any competitors during the remainder of 1953. In 
June 1954, Pfizer sold an additional 48,000 bottles at the same price 
($0.145 per bottle). During the succeeding 6 months, Pfizer delivered 
847,200 bottles, divided among eight shipments, at 0.142 per bottle. 

On April 7, 1955, Lilly sold 330,000 bottles at a price averaging 
about $0.1138, almost 3 cents per kottle below Pfizer’s price in 1954. 
Kight days later, on April 15, Pfizer’s price was reduced to $0.102 
per bottle on a sale of 100,200 bottles. 

EK. R. Squibb’s first sale of procaine penicillin G (1,500,000 units) 
to the Armed Services Medical Procurement Agency since mid-1949 
occurred on August 26, 1955. Almost 116,000 bottles were sold at 
a price of $0.095 per bottle, more than one-half cent per bottle lower 
than Pfizer’s price in April 1955. Pfizer sold 90,000 bottles to the 
Armed Forces at a price of $0.11 per bottle on January 20, 1956. This 
was the first increase in prices of procaine penicillin G (1,500,000 units 
for aqueous injection) since 1951. 

On March 8, 1956, 294,600 bottles were purchased from Squibb at a 
price of $0.105 per bottle. An additional 973,800 bottles were sup- 
pled by Squibb at a price of $0.109 per bottle on May 28, 1956. 

The last purchase reported by the Armed Services Medical Pro- 
curement Agency (for the period covered in this report) occurred on 
October 30, 1956. Pfizer supplied 36,000 bottles at a price of $0.105 
per bottle. 

During the years 1949-56 the price fell from $1.09 per bottle to $0.105 
per bottle, a decline to a level of less than one-tenth of the 1949 price. 
It should be observed that the quantity sold in 1949 for $1.09, 30,000 
bottles, was almost the same as the quantity of 36,000 bottles sold in 
October 1956 for a price of $0.105 per bottle. 

Dihydrostreptomycin sulfate-—Turning now to the history of con- 
tract prices paid by the Government for streptomycins, table 51 
presents the quantities specified in bottles of dihydrostreptomycin sul- 
fate purchased by the Armed Services Medical Procurement Agency 
during the period from October 1949 to October 1956. The prices of 
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dihydrostreptomycin sulfate (1 gram) to the Armed Services Medical 
Procurement Agency have followed a pattern similar to the prices of! 
procaine penicillin G (1,500,000 units), discussed above. 

On October 138, 1949, Heyden Chemical Corp. sold 51,000 bottles of: 
dihydrostreptomycin sulfate, each bottle containing 1 gram of that: 
antibiotic, at a price of $0.51 per bottle. On January 5, 1950, Heyden: 
reduced its price to $0.384 per bottle, selling 12,000 bottles at this price. . 

Two and one-half months later, Merck’s price on 18,000 bottles of ’ 
this product was $0.315, a reduction of 7 cents per bottle. 

Pfizer entered the field in August 1950, lowering the price to $0.27 
per bottle on a sale of 30,000 bottles. During the remainder of 1950, 
all throughout 1951, and until October of 1952, the purchases of 
dihydrostreptomycin sulfate by the Armed Services Medical Pro- 
curement Agency from Pfizer totaled 1,039,400 bottles. Table 51_ 
shows that the price per bottle during this period varied from a high 
of $0.34 per bottle in September 1951 to a low of $0.23 in April 1952. 

In October 1952, Heyden sold 60,000 bottles at a price of $0.15 per — 
bottle, and 90,000 bottles at the same price in January 1953. During | 
the remainder of 1953, Eli Lilly furnished 156,000 bottles in April | 
at $0.1889, and 32,400 bottles in September at a price of $0.15 per 
bottle. Merck supplied 30,600 bottles at $0.1421, and 96,000 bottles 
at $0.1568, both sales occurring in June 1953. 

During 1954, Sharp & Dohme division of Merck & Co. supplied 
368,200 bottles of dihydrostreptomycin sulfate at a price of $0.123 
per bottle. 

A price decline of over 35 percent occurred in April 1955. During 
this month Pfizer sold 300,000 bottles to the Armed Services Medical 
Procurement Agency at a price of $0.079 per bottle, almost $0.045 
per bottle less than Merck’s price 4 months earlier. Pfizer continued 
this price through 1955. Early in January 1956, Pfizer lowered the 
price again to $0.071 per bottle on 37,200 bottles. Two hundred 
thousand bottles were sold by Merck at $0.079 per bottle on January 
25, 1956. 

Thereafter, Pfizer’s price rose to $0.1175 per bottle on a sale of 
100,000 bottles on June 18, 1956, but by October 1956, Pfizer’s price 
was down to $0.10 per bottle. This was the last Armed Services 
purchase of dihydrostreptomycin sulfate during the period covered 
by this report. 

The price history of sales of dihydrostreptomycin sulfate to the 
Armed Services Medical Procurement Agency recorded in table 51 
supports the following conclusions: 

(1) Prices of dihydrostreptomycin sulfate to the Armed 


Services declined almost continuously during the years 1949-56. 
By early 1956, the price of 1 gram of dihydrostreptomycin was | 
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about 14 percent of the 1949 level; by late 1956 prices had risen 
to about 20 percent of the 1949 level. 

(2) The pattern of the major price reductions during this 
period, in which first one and then another of the principal manu- 
facturers became the supplier at reduced prices, indicates keen 
competition among Heyden,” Lilly, Merck, and Pfizer in an effort 
to obtain contracts to sell dihydrostreptomycin sulfate to the 
Armed Services Medical Procurement Agency. 


Relative movement of penicillin and streptomycin dosage form 
prices to the Government and to civilians ——As heretofore stated, 
penicillin and streptomycin dosage form prices to the Government on 
contracts to purchase large quantities have always been considerably 
lower than those to the civilian population. These price differences 
reflect in part the large quantities which are purchased by the Gov- 
ernment, and in part the elimination of wholesale and retail markups. 

Although manufacturers’ prices to the Government have usually 
been lower than those to the retailers and hospitals for civilian use, 
the percentage decreases to both Government and retailers between 
1948 and 1956 were quite similar. For example, manufacturers’ 
prices for procaine penicillin G to the Armed Services shown in table 
50, decreased between 1949 and 1956, inclusive, by about 90 percent, 
whereas the decrease in price to retailers as shown in table 43 was 
about 94 percent. Observance by retailers of the manufacturers’ 
suggested resale list prices would mean a comparable reduction in 
price to the ultimate consumer. 

For dihydrostreptomycin, the showing for the same period 1s as 
follows: Based on dosage form prices shown in table 48, the price 
per gram of this product to retailers and hospitals declined during the 
period from November 1948 (when dihydrostreptomycin was intro- 
duced) to 1956 by about 80 percent. During approximately the same 
period that these reductions to retailers and hospitals occurred, prices 
to the Armed Services Medical Procurement Agency, as shown in table 
51, declined also by about 80 percent. 


Price history of the broad spectrum antibiotics 


The four antibiotics which comprise the broad spectrum group are 
Aureomycin, Chloromycetin, Terramycin, and tetracycline. Chrono- 
logically, Aureomycin and Chloromycetin were the first broad spec- 
trums to reach the market. Aureomycin was introduced on December 
1, 1948, the principal dosage form being the 250-milligram capsule. 
This has continued to be the most important dosage form, not only 
for Aureomycin but also for the remaining broad spectrum antibiotics. 
For purposes of convenience, prices for broad spectrum antibiotics will 


--% Fleyden’s antibiotic division was acquired by Cyanamid in November 1953, 
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be discussed with reference to the standard bottle of 16 capsules, each | 
capsule containing 250 milligrams of the particular antibiotic to: 
which reference is made. 

Aureomycin was introduced at a price to retailers and hospitals of | 
$15 per 16 capsules on December 1, 1948.21 On February 1, 1949, 
about 2 months before Parke, Davis & Co. reached the market with 
Chloromycetin, the second broad spectrum antibiotic, Cyanamid re- 
duced its price for Aureomycin by one-third, from $15 to $10. On 
March 25, 1949, Parke, Davis & Co. commenced selling 250-milligram 
capsules of Chloromycetin at a price per capsule equal to the reduced 
price of Aureomycin. Thereafter the prices for these two products 
did not change for about 1 year. 

On February 1, 1950, Cyanamid and Parke, Davis reduced prices by 
20 percent on their respective broad spectrum specialties, from $10 
to $8. Two months later, Pfizer’s Terramycin, the third broad spec- 
trum antibiotic, made its appearance at a price of $8.40; 1. e., 5 percent 
above the prices of Aureomycin and Chloromycetin. Incidentally, 
this product inaugurated Pfizer’s entry into the ethical drug market 
under its own label. 

One month later, on May 1, 1950, Cyanamid and Parke, Davis re- 
duced prices on Aureomycin and Chloromycetin by 25 percent, from 
$8 to $6. Pfizer reduced the price of Terramycin on November 1, 
1950, from $8.40 to $6, thus matching the prices of Cyanamid and 
Parke, Davis for Aureomycin and Chloromycetin, respectively. 

The next broad spectrum price reduction was initiated by Pfizer on 
September 27, 1951. On this date Pfizer lowered Terramycin prices 
15 percent, from $6 to $5.10. Four days later, Cyanamid and Parke, 
Davis met this price by reducing Aureomycin and Chloromycetin prices 
from $6 to $5.10. There were no further changes in the published 
prices of broad spectrum antibiotics to the retail drug trade from 
October 1951 to the end of the period covered by this price study, the 
fall of 1956. 

Between December 1948 and October 1951, there was a strong simi- 
larity between the downward course of dosage from prices of procaine 
penicillin, streptomycin, and dihydrostreptomycin, on the one hand, 
and the three then existing broad spectrum antibiotics on the other. 

_ During the period in question, Aureomycin declined from its intro- 
ductory price of $15 in December 1948 to $5.10 in October 1951, oF 
to approximately 34 percent of its original level. Chloromycetin, in- 
troduced at $10 in 1949,22 fell to $5.10 in October 1951, or 51 percent of 


71 Aureomycin was introduced under the name Duomycin ; on December 27, 1948, the name 
was changed to Aureomycin. Sve 

23 Parke, Davis introduced Chloromycetin at the same price per capsule as that of Aureo- 
mycin. However, Parke, Davis. offered Chloromycetin bottles of 12 capsules at $7.50 
while Aureomycin was offered in bottles of 16 capsules of $10. Since in this discussion 
the 16-capsule dosage form was taken as the standard, the introductory price of Parke, 
Davis to the retailer has been adjusted to that standard. | 
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its opening price. Terramycin, first marketed in April 1950 at a 
price of $8.40, fell to $5.10 in October 1951, or about 61 percent of 
the introductory price. 

During the years 1948-51 the price of procaine penicillin (3-million 
unit dose in aqueous suspension) fell from $10 to $3.25, or to about 
83 percent of the 1948 price. Streptomycin and dihydrostreptomycin 
prices declined from $1.28 per gram in December 1948 to $0.40 per 
gram in March 1952, or to about 31 percent of the 1948 price. These 
prices were published prices during the period in question and do 
not indicate the extent to which lower procaine penicillin, strepto- 
mycin, dihydrostreptomycin, and broad spectrum prices may have been 
quoted by particular sellers at specific times during this period. For 
present purposes, however, published prices are sufficient, since these 
prices indicate the extent to which there was similarity in price trends 
among procaine penicillin, streptomycin, dihydrostreptomycin, and 
the broad spectrum antibiotics between 1948 and 1951. However, as 
heretofore pointed out, insofar as sales to the retail drug trade were 
concerned, the prices of the three broad spectrum antibiotics remained 
uniform and unchanged after October 1, 1951, while the dosage form 
prices of penicillin, streptomycin, and dihydrostreptomycin continued 
to decline after that date. 

The fourth and most important broad spectrum antibiotic, tetra- 
cycline, which now leads the others in sales, was first offered to 
retailers by Cyanamid under the trademark Achromycin on November 
16, 1953, at $5.10, the same price at which the other three broad 
spectrums were then selling. All four broad spectrums have continued 
to sell to retailers at this same price. 

Subsequently four other companies reached the market with their 
own brands of tetracycline: Bristol-Myers & Co. on April 30, 1954; 
Olin Mathieson Chemical Corp, (E. R. Squibb & Sons) on Septem- 
ber 16, 1954; Chas. Pfizer & Co., Inc., on October 1, 1954; and The 
Upjohn Co. on October 11, 1954. Each company’s own brand was 
introduced at the price of $5.10, the price at which all other broad 
spectrums were selling.*? The entrance of Bristol, Olin Mathieson, 
and Upjohn into the sale of tetracycline is accounted for by licensing 
arrangements relating to the tetracycline product patent. These 
arrangements are described in chapter VIII of this report. 

The $5.10 amount represents the price quoted to the retailer for 16 
capsules, each containing 250 milligrams, of either of the four broad 
spectrum antibiotics. The “list” or “regular” price to consumers has 
been $8.50.24 In States where “fair trade” laws have been in effect, 

23 Olin Mathieson and Upjohn are not original manufacturers of tetracycline; they pur- 
chase the product in bulk (including unlabeled dosage forms) from Bristol] and sell it un- 
der their own trademarks and under their own labels. 


24 American Druggist Blue Book, 1956-1957, published by The American Druggist, New 
York. 
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the “fair trade” price for Aureomycin, Chloromycetin, and certain 
brands of tetracycline has been $7.65. The price of broad spectrums 


_ to wholesalers varied between 47.4 percent and 51 percent of the $8.50 


“list” or “regular” price to the patient. Table 52 presents the record 
of broad spectrum antibiotics prices for a selected dosage form from 
the time the first such product, Aureomycin, was introduced on Decem- 


ber 1, 1948, through and including 1956. 


Government procurement of broad spectrum antibiotics 


As in the case of penicillins and streptomycins and, of course, other 
prescription drugs, the Federal Government is also a large purchaser 
of broad spectrum antibiotics. Certain agencies, such as the Armed 
Services Medical Procurement Agency and the Veterans’ Administra- 
tion, have been selected as illustrative of the price pattern of broad 
spectrum antibiotics in sales to the Government. 

Armed Services Medical Procurement Agency.—All prices shown 
in table 53 below are based on orders calling for bottles of 100 capsules 
or tablets, each tablet or capsule containing 250 milligrams of a partic- 
ular broad spectrum antibiotic. The prices in the columns headed 
“A SMPA” are for purchases by the Armed Services Medical Procure- 
ment Agency made on the dates shown. 

This table includes data as to broad spectrum prices to hospitals and 
retailers, and to consumers, in addition to price quotations by manu- 
facturers of these products to the Armed Services Medical Procure- 
ment Agency. The reason for including retail, hospital, and consumer 
price quotations is not so much to compare these prices with those 
paid by the ASMPA, but rather to compare the prince trends of the 
same products to different classes of customers. Accurate price com- 
parisons based upon data in table 53 are impossible for several reasons. 
First of all, the quantities purchased by ASMPA are quite large. 
Also, certain quantity discounts are allowed to retail and hospital 
customers of broad spectrum producers, and these discounts are not 
reflected in the published price quotations to retailers and hospitals 
listed in table 53. Then too, retail and hospital customers receive a 
different type service from manufacturers than does the Government. 
Consumers purchase from retailers or hospitals, and not from manu- 
facturers, which is another reason why no comparisons may be made 
between price quotations to retailers, hospitals, and consumers, on the 
one hand, and to the ASMPA, on the other hand. 

Table 53 has a limited and specific purpose, which is to show that 
broad spectrum antibiotics prices to the ASMPA declined prior to and 
after October 1, 1951, while published prices of the same products to 
retailers, hospitals, and consumers declined prior to October 1, 1951, 
but remained unchanged after that date. 
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The table shows that during the years 1949 through 1956, there was 
a steady decrease in prices paid by the Armed Services Medical Pro- 
curement Agency *° for broad spectrum antibiotics. 

The price per bottle of American Cyanamid’s Aureomycin to 
ASMPA fell from $44.50 in 1949 to $11 in 1956. Similarly, the price 
of Parke, Davis’ Chloromycetin per bottle was reduced from $52.50 
in 1949 to $12.50 in 1958. Pfizer’s Terramycin was sold to the agency 
for the first time in June 1950 at $28.80. By 1956, this price had been 
reduced to $10.97. When the agency made its first purchase of Cyan- 
amid’s brand of tetracycline (Achromycin) in October 1956, the price 
was $11 per bottle. 

Thus, the prices charged to the Agency declined prior to as well as 
after October 1, 1951, while there were no decreases of the published 
prices to retailers, hospitals, and consumers after October 1, 1951. 

Veterans’ Administration purchases of tetracycline —The Veterans’ 
Administration also buys tetracycline from various manufacturers in 
bottles of 100 capsules of 250 milligrams each. 

The Veterans’ Administration has paid higher prices than has the 
Armed Services Medical Procurement Agency. Of course, purchases 
made by the ASMPA have been for comparatively large quantities to 
be released to a central depot, whereas total quantities purchased by 
the Veterans’ Administration have been smaller. However, Veterans’ 
Administration purchases of tetracycline have been substantial and 
have amounted to about $1 million annually. 

According to the records of the Veterans’ Administration, Cyana- 
mid’s Achromycin was put on a decentralized purchase contract basis 
by this agency in May 1954 at a price of $24.22, less 2 percent dis- 
count. Pfizer’s Tetracyn was put on decentralized purchase contract 
at the same price in August of 1954. This was the price at which both 
companies sold their respective brand of tetracycline to drug whole- 
salers during the period covered by this report. These prices are for 
100 capsules of tetracycline hydrochloride, each capsule containing 
250 milligrams of this antibiotic. 

In October 1954, Cyanamid and Pfizer were asked by the Veterans’ 
Administration to offer a price reduction on a quantity of tetracycline 
to be delivered to the three VA depots instead of to individual hos- 
pitals. Cyanamid offered a price 10 percent below its former price 
of $24.22, or $21.80, whereas Pfizer reduced its price to $19.58, less 2 
percent discount. 

% As of January 1957 the Armed Services Medical Procurement Agency was succeeded 
by the Military Medical Supply Agency. 

471425—58——14 
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Thereafter Cyanamid sold Achromycin directly to the VA hospitals 
at Pfizer’s price of $19.58, less 2 percent discount. The contracts which 
established the foregoing price reductions expired on March 81, 1955. 
Shortly before March 31, 1955, the Veterans’ Administration for the 
first time solicited competitive bids for tetracycline. The request for 
bids called for centralized (depot) and decentralized (hospital) de- 
liveries commencing after March 81, 1955. Between March 1955 and 
July 1956, the agency asked for bids on a total of seven contracts to 
supply tetracycline in quantities ranging from 3,000 to 29,952 bottles 
of 100 capsules, each containing 250 milligrams of this antibiotic. In 
every instance the bids submitted by the three manufacturers—Cyana- 
mid, Pfizer, and Bristol—and by the two licensed distributors—Up- 
john and Olin Mathieson—were practically identical with the excep- 
tion of some difference as to the time allowed to claim the 2-percent 
discount for cash payment. On one occasion McKesson & Robbins also 
submitted a bid to deliver either Cyanamid’s or Pfizer's tetracycline. 
However, the price of that company did not vary from the price of 
the others, $19.58 less 2 percent discount per bottle. On the two 
largest contracts, calling for 28 992 and 29,952 bottles, respectively, 
Pfizer bid $19.188 net, which is $0.0004 less than $19.58, minus 2 per- 
cent discount for cash payment. Thus Pfizer was the low bidder. 

Tetracycline purchases by the VA and by the ASMPA in 1956.—On 
October 5. 1956, Armed Services Medical Procurement Agency made 
its first purchase of tetracycline. The contract, which called for ap- 
proximately 90,000 bottles, each containing 100 tablets of 250 milli- 
grams of this antibiotic, was awarded to Cyanamid as the low bidder at 
a price of $11! per bottle.2¢ 

Two weeks later, on October 19, 1956, the Veterans’ Administration 
opened bids on contracts to deliver the fellowing quantities of bottles 
containing 100 capsules of 250 milligrams of tetracycline to the indi- 
cated depots: 


Number of 
Depot: bottles 
pomerville Neeson, Joe ek So, Arne ae a eee 10, 080 
DG. fs St A, Poe a oka Mt Dal cee a ne inl gree eae eee 10, 080 
Walmineton Caytre ok. bee ee ee ee 3. 840 
PO oe oe ee ea? SI > ee ota ae eee oe eee 3, 840 
Pines; Hae Lt Gio Javadoc ohne. foe wee ae ee eo uree 11, 280 
Out a2: onl eel Sie CT ee ie ee ee ene ee ah ae 11, 280 
OGG). Sua Sule eee Le eee aoe bd ee ee eee 50, 400 


2° This was the price at which Cyanamid sold several large quantities of Aureomycin 
capsules to the Armed Services Medical Procurement Agency beginning in April 1956. 
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The following bids were submitted : 





Bidder Payment discount Price offered 
Es 4S ae OSes s eee eee o 2 percent—30 days_....-------_ $17.63. 
McKesson & Robbins__...._---- BING be ia Ad, ore i td $19.188 ($19.58 less 2 percent discount 
is $19.1884). 
TD gic I cl RSLS ape eee 2 percent—30 days.......---.-- $19.58. 
PSRiStOle sees ee aah fee Shee ey Gos MOm eras SEB as NP $19.58. 
OSI 160) © Ga 6 oe apne ae an a ee Co oy ie, Ae ee ee Ui $19.58. 
Pe POM Ma ee ese he Sis ee ee ae ee SE COs Saree ee See ae $19.58. 


Pfizer’s low bid of $17.63 for the above-stated quantities was far 
out of line with Cyanamid’s contract price of $11 quoted to the 
Armed Services Medical Procurement Agency 2 weeks earlier. The 
other companies, except for Mcltesson & Robbins, bid the identical 
price of $19.58, less 2 percent, to the Veterans’ Administration. 
McKesson & Robbins’ bid was $0.0004 per bottle less. Thus, within 
a period of 2 weeks, Cyanamid offered to sell tablets and capsules, 
which are ordinarily identically priced, to two United States Gov- 
ernment agencies at widely differing prices: $11 to the Armed Services 
Medical Procurement Agency (tablets), and $19.58 to the Veterans’ 
Administration (capsules). 


The Market Share of Each Broad Spectrum Antibiotic 
Relative to Total Broad Spectrum Sales, 1951-56 


While published prices of the broad spectrum antibiotics to the drug 
trade remained uniform and unchanged, significant shifts in their 
relative market importance took place after October 1, 1951. 

In 1951, measured by the total quantities of sales, the market 
for broad spectrums for medicinal uses was divided as follows among 
the three products then being produced and sold: 


Percent 
Wilortetracyvelne (AUPEOMY CIN) 2.2 ee cen eee At 5 
Ciiorampuenicol (Chloromyeetin)..2..22.... 22242. 2 ee 36. 5 
rey eceracyclime: ( LeErramiycin) 2 ee ee sam sbaniowubecneweces 22.0 


Aureomycin’s share of the market declined to 13.2 percent by 1955. 
Chloromycetin’s market share declined to 9 percent in 1954 and 
increased to 12.6 percent in 1955. 

In 1953, tetracycline made its commercial appearance, and acquired 
2.8 percent of the broad spectrum market in its first year. By 1955, 
tetracycline’s 27 share of total broad spectrum sales for medicinal 

27 Tetracycline is referred to by its generic name in the text of this chapter. Pfizer 
makes and sells it under the trade name Tetracyn. Its two other makers, Bristol and 
American Cyanamid, sell it, respectively, as Polyeyeline and Achromycin. Upjohn and 


Squibb, buyers in bulk from Lristol, sell in dosage forms under their respective trade 
names, Panmycin and Steclin. 


198 ECONOMIC REPORT ON ANTIBIOTICS MANUFACTURE 


purposes had increased to 48.6 percent, thus becoming the leading 
product among the broad spectrums. 

This shift in favor of tetracycline actually strengthened the relataypl 
market positions of Cyanamid and Pfizer. By virtue of licensing: 
arrangements relating to tetracycline between these two broad spec- - 
trum manufacturers, both companies benefited from the large increase : 
of tetracycline sales. Indeed, the losses in sales of Cyanamid’s Aureo- 
mycin and Pfizer’s Terramycin were offset by the gains in sales of’ 
their respective brands of tetracycline. In addition, both Cyanamid | 
and Pfizer receive royalties under the Aureomycin and tetracycline. 
agreements, respectively. Furthermore, since tetracycline was in- 
troduced, significant amounts of Aureomycin and Terramycin have 
been sold for animal feed and agricultural purposes. 


CHAPTER VII 


Analysis of Financial Data Submitted 
by Antibiotics Manufacturers 


Since 1941, when the pharmaceutical industry, encouraged and 
financially aided by the Government, commenced manufacture of 
penicillin, the antibiotics branch of the industry has grown rapidly. 
Approximately 20 companies have been active at various times in the 
manufacture of antibiotics, and, at present, 12 major manufacturers 
remain in the field. The “antibiotics industry” is a subdivision or 
part of the larger pharmaceutical industry, and in all cases the manu- 
facture of antibiotics represents only a part of a firm’s production. 
These characteristics, and the accompanying problems of determining 
or isolating accounting items, make the analysis of the financial 
organization and operations of the antibiotics branch of the industry 
difficult. 


Size of Manufacturing Companies 


The 1956 consolidated assets, net sales, sales of domestically pro- 
duced antibiotics, and percent thereof to total sales of the firms 
engaged in the manufacture of antibiotics are shown in table 54. 


TABLE 54.—Consolidated net sales and assets and antibiotics net sales, by 
company: 1956 


[Assets and sales are shown in thousands of dollars] 

















Consolidated Antibiotics 
Name of company Assets Net sales Net sales ! Percent of 
Kotla PR Tae STR lee ee consoli- 
dated net 
Amount | Percent | Amount | Percent | Amount } Percent sales 

Motal a.) = sass e 2, 395, 324 100.0 | 2, 434, 899 100.0 | 337, 718 100.0 213.9 
Olin Mathieson. _._____-- 653, 750 Qae 596, 673 24.4 30, 924 9.2 5-2 
American Cyanamid_____ 559, 892 23. 4 500, 651 20. 6 89, 940 26. 6 18.0 
| USD ios aa el eee actos 195, 646 8.2 181, 530 7.5 31, 918 9.5 17.6 
American Home--_------ 169, 484 Uo il 295, 483 12.1 21, 986 6. 5 7.4 
WVVORCKe tse aes a ae ese 168, 017 7.0 172, 432 7.1} 316, 424 4.9 9. 5 
AZO cose ee Uae 152, 583 6. 4 178, 362 7.3 70, 334 20. 8 39. 4 
Parke, Davis_._-.-_-_---- 139, 262 5.8 134, 093 5. 24, 637 7.3 18. 4 
ap johns see = eee So 107, 851 4.5 111,013 4.6 22, 598 6.7 20. 4 
ENISTOLGY Hee ie ag ete pete 102, 572 4.3 96, 786 4.0 9, 187 2.7 9.5 
Commercial Solvents_-_.-- 74, 580 3.1 58, 745 2.4 3, 504 1.0 6.0 
iBristol-Myers__..-------- 57, 506 2.4 89, 404 3.7 15, 354 4.5 17.2 
eICk Peete fa iS 14, 181 6 19, 727 .8 91 .3 4.6 


1 Sales of domestic production only. 
2 Industry average. 
3 Does not include sales of animal] feed supplements and export sales. 


Source: FTC data request, 1957, and published financial reports. 
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The companies have been ranked on the basis of their consolidated 
assets, but their relative positions as antibiotics manufacturers are 
quite different. Olin Mathieson, the largest company in both assets 
and sales, has only 5.2 percent of its sales in antibiotics, and it ranks 
no higher than fourth in antibiotics sales. Chas. Pfizer & Co., which 
ranks only sixth in assets, has the highest proportion of its total sales, 
namely, 39.4 percent, in domestically produced antibiotics and ranks 
second in antibiotics sales. 

The two largest diversified companies, Olin Mathieson and Ameri- 
can Cyanamid, have 50.6 percent of the consolidated assets of all 12 
antibiotics manufacturers, and account for 45.0 percent of the total 
sales, including antibiotics and all other products. In antibiotics 
alone, their sales are 35.8 percent of the total, with Cyanamid 
accounting for about three-quarters of their combined share. 

The fact that antibiotics constitute 39.4 percent or less of the total 
sales of each company is indicative of the fact that antibiotics manu- 
facture constitutes a segment of the pharmaceutical industry rather 
than an independent industry. Excluding the five diversified com- 
panies (Olin Mathieson, American Cyanamid, American Home 
Products, Commercial Solvents, and Bristol-Myers), the balance of 
the industry has 19.7 percent of its total sales in antibiotics. 


Company Sales of Antibiotics 


Most of the companies which were requested to furnish the Com- 
mission accounting data covering the years 1950 through 1956 were 
manufacturers of one or more antibiotic substances during all or part 
of the above period. The balance had been manufacturers in prior 
years. It should be pointed out that antibiotics sales of individual 
reporting companies are not necessarily limited to items produced by 
their own manufacturing facilities. Purchases in bulk and other 
forms were frequently made for the purpose of supplementing pro- 
duction and for compounding and finishing types of antibiotics manu- 
factured by other firms. In most instances the sale of antibiotic 
products in bulk and dosage forms represents a significant amount 
of the companies’ aggregate dollar volume of sales, but such products 
may constitute a comparatively small part of the total number of 
their full line of pharmaceutical items. | 

In addition to the companies which are presently manufacturing 
antibiotics and those which were formerly in this field, there are non- 
manufacturing pharmaceutical firms which may have substantial 
sales of antibiotic products. Such firms purchase the antibiotic sub- 
stances in bulk and in semifinished form, for compounding and 
finishing into dosage form for resale under their own labels. Op- 
erations of these firms are not considered in this chapter. 
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Net sales of domestically produced antibiotics of the leading manu- 
facturers for years 1956 and 1950 are shown in table 55. The com- 
panies have been ranked on the basis of their 1956 sales. The relative 
positions of four firms—American Cyanamid, Pfizer, Olin Mathieson, 
and Bristol-Myers—are unchanged with respect to the years shown. 

Cutter, Monsanto, and Schenley, which were producers in 1950, 
discontinued the manufacture of antibiotics prior to 1956. In Decem- 
ber 1953, Heyden Chemical Corp. (now Heyden Newport Chemical 
Corp.) sold all of the assets of its antibiotics division to American 
Cyanamid Co. Thus, 4 manufacturers with aggregate antibiotic net 
sales of $16,678,000 in 1950, representing 6.7 percent of total sales 
shown in the table for that year, are not included in the 1956 column. 
The $337,718,000 total sales in 1956 represent a 35.3-percent increase 
over the $249,623,000 total sales in 1950, and a 45.0-percent increase 
over the $232,945,000 sales of the same 12 companies in 1950. 

This increase in sales between 1950 and 1956 was accompanied by a 
change in industry concentration. The $223,116,000 aggregate net 
sales of antibiotics of the 4 leading companies in 1956 represents 66.1 
percent of the 12-company total. In 1950, 4 leading firms had aggre- 
gate antibiotics sales of $137,515,000, or 55.1 percent of the 16-company 
total for that year. Thus, there was an increase of 11.0 percentage 
points in the 4-company concentration ratio in this industry. Al- 
though American Cyanamid, Pfizer, and Olin Mathieson were first, 
second, and fourth in rank, respectively, in both years, Lilly, which 
ranked sixth in 1950, supplanted Parke, Davis in third position in the 
1956 lineup. 


TABLE 55.—Sales of antibiotics, by company: 1956 and 1950 


{Sales of domestic production in thousands of dollars. Companies ranked according to 1956 sales volume] 


1956 1950 








Company name 
Net sales | Percent | Net sales | Percent Rank 


of total of total 

HNOtalen es seats ee ore ohh aes bash seer ed 22 337. 718 100.0 249, 623 100: On| sS2eeeeoe- 
American: @yanami@s2s2es5 S25: $oe8 222-222 ee: 89, 940 26. 6 57, 555 23.1 1 
PSRIZ OC Teete ee Wc einer leds War ae aS En es 70, 334 20. 8 3000 12.6 2 
Nei eee! eae tear Aas she LEO at 2 Bee Ke res 31. 918 9.5 19, 262 rare 6 
Oling Via thiesonmae se 52. eee Se ee ee ce 30, 924 9. 2 22, 481 9.0 4 
IPA coer DA Wis en aa nec et eter eh be ees eS Sse 24, 637 1B 25, 944 10. 4 3 
WON F OMI sheet ee ee ee el ae er 22, 598 6.7 10, 404 4.2 10 
Mimericnine EOmescn wee feeb 5) ee NT ee ee 21, 986 6.5 12, 804 Onl 8 
AGI Ke lest es Me ee Pale eee ee preg ae AN 16, 424 4.9 21,911 8.8 5 
BGISTOlIVEV Crs tes on ee at et et eb ee 15, 354 4.5 12, 600 5.0 9 
DANES EY Ost Vases ake ee ee NE an it Pe en Sh oe 9, 187 PEC 12, 989 §.2 ai 
Commercial Solvents:---2 2 2542 fe 3, 504 1.0 5, 316 QF 13 
TAG Cl ey ee pe a Res tine led 912 ao 144 eh 16 
ISIC TENT ON A i ai Sok ae BD SI EG a ee ae oe, 5 ee PaO) | Peper ae Oo em eA ene 5, 849 2.4 11 
LeU Cees Meee eee ie se ee helen re et Soe ee eee ee 5, 833 223 12 
ROM SAT LO eee ee eet eee rete ee ron ees BES ee Say. ies ea a eee 3, 520 1.4 14 
CEH I Sy ERS es ee ie i SU SC Cae ape See Seine ome ae 1, 476 .6 15 


1 Does not include sales of animal feed supplements and in 1956, export sales. 
Source: FTC data request, 1957. 
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The two companies which made the greatest dollar gains—and 
whose gains accounted for the entire percentage increase of the top 
four—Pfizer with a gain of $38,799,000 and American Cyanamid with 
one of $32,385,000, are the leading factors in the broad spectrum field, 
and sales of this group account for all or most of their sales gains. 
Two of the four companies next in rank, according to sales increase, 
Upjohn with a gain of $12,194,000 and Olin Mathieson with a gain of 
$8,443,000, were also in this field. Lilly and American Home Products, 
neither of which produced or sold a broad spectrum antibiotic, had 
gains of $12,656,000 and $9,182,000, respectively, due to the success of 
their recently discovered antibiotic specialties. Of the other six com- 
panies in the 1956 list, only Bristol-Myers, a broad spectrum producer, 
and Penick, whose volume was insignificant, showed any gain in 
sales. 

Accounting Practices and Problems 


_ By its second data request, a copy of which is included in this re- 
port as appendix 1, exhibit 2, the Commission in May of 1957 sought 
data from the companies regarding cost of production and profitabil- 
ity of manufacturing antibiotic products. The complete data sought 
by the Commission were not submitted by the manufacturers, and such 
data as were submitted have not been verified by the Commission. 
However, the corporations certified that their reports were true and 
made in good faith. 

The reasons given for failure to submit certain categories of data 
included representations by the companies that the data sought were 
not available and could not be obtained without an inordinate amount 
of time and effort. It was pointed out by the companies that the sub- 
stantial segment of personnel, space, production, and packaging facil- 
ities which may be used in the production of chemicals and other 
drugs as well as in antibiotics presented problems of allocation of 
costs; that few plants are used exclusively for the production of anti- 
biotics; and that distribution of selling, general, and administrative 
expenses to the various antibiotics manufactured presented additional 
cost accounting problems. 

Research, a significant item, was reported as an example of the type 
of expense which could not be accurately determined with respect to 
particular products. It was claimed by officials of the companies that 
constant research for, and discovery of, new antibiotic substances pro- 
duced by the same organisms made the distribution of such expense to 
particular products meaningless. It was also claimed that although 
the accounting records of some manufacturers were designed to pro- 
vide budgetary control, they did not reflect research expense relating 
to particular antibiotic products. It was stated that in some instances 
research programs are directed to diseases rather than to specific prod- 
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ucts, thus adding further complexities in connection with distribu- 
tion of this expense. 

It was apparent that no uniform system of accounts existed, and 
that costing practices among the manufacturers differed markedly. 
Several of the leading companies reported they were unable to extract 
the necessary information for distributing production costs to the var- 
ious antibiotics manufactured, while others reported that they were 
able to furnish certain basic accounting data relating to costs of all 
antibiotics produced, treated as a class, but had no detailed records 
from which to determine individual antibiotic product costs, or costs 
of the various types of dosage forms. 


Income and Expenses 


Method of analysis 

In making their reports to the Commission, the manufacturers 
made allocations of expenses between production of antibiotics and 
production of other items. They also made allocations of expenses 
among the various antibiotic products they manufactured. Certain 
companies applied methods of cost allocation which differed from 
those used by other reporting companies. The Commission has not 
verified the cost allocations made or methods used by the companies 
in determining their costs and profits. In general, the analysis in 
this chapter follows the classification of accounts as reported by the 
corporations. Certain adjustments were made,, however, in some 
instances in order to permit comparability of accounting data among 
companies. 

The identity of individual companies with respect to financial data 
is not disclosed. Nor does this chapter attempt to report the manu- 
facturer’s cost or profit on specific products. Such information is 
generally regarded as confidential. The chapter does not attempt to 
show cost or profit on specific grades of antibiotics or on specific 
dosage forms. Thus, the cost and profit figures include antibiotics 
sold for nonmedical as well as those sold for medicinal purposes. It 
was the companies’ representation that because of the multiplicity of 
items involved, such a breakdown of cost data was not available and 
could not be obtained without inordinate effort. Therefore, this chap- 
ter is restricted to showing by combined groups the ratios to net sales 
of the principal general classes of costs and expenses reported by the 
companies and the comparative annual changes in such ratios during 
the period from 1950 to 1956, inclusive. AJl ratios are expressed in 
percentages. They do not give any indication of actual dollar amounts 
of cost incurred or profit realized by any company. 
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With the foregoing explanation, the Commission hereinafter pre- 
sents an analysis of the financial data reported by the manufacturers 
of antibiotics. 


Individual producers 


Selected financial ratios relating to the total antibiotics activities 
of each of the leading manufacturers during the years 1950 through 
1956 are shown in table 56. In order to avoid disclosing the identity 
of individual companies, numbers have been used in place of com- 
pany names. The companies have been ranked on the basis of their 
1956 ratios of gross profit to net sales, which ranged from a high 
of 78.6 percent to a low of 22.4 percent. In 1950 the range was almost 
exactly the same. The 1956 ratio of net profit before taxes to sales 
ranged from a high of 40.5 percent to a low of 1.8 percent, and the 
1950 ratio from 53.7 percent to a loss of 14.7 percent. Only Company 
No. 7 reported substantial income from royalties and licenses in 1956, 
12.5 percent of net sales, although eight other companies reported up 
to 4.2 percent in this category. 

Fifteen producers are represented in table 56 for 1950 through 
1952. Thirteen firms are included in 19538, and 12 in each of the 
remaining 8 years. Certain detailed accounting data with respect 
to companies numbered 38, 7, 8, and 9 were either not furnished or 
were furnished on a noncomparable basis and were unusable for the 
purposes of this tabulation. 

The following tabulation shows the range in the ratios of net profit 
and (loss) before Federal taxes to net sales, between 1950 and 1956, 
as reflected in table 56: 


Profit ratio 


Company No. 
5 High Low 
5 IO Phan a ee eat) any a CO ee eee eee na a Re ET ae ION 53.7 37.9 
DEE Reet We ina TEE OEE era eg Sat A eee es a OR ey Resear AyAG. 4.1 
SR ees Set Nee, TBD ec ace aes aie a gO RL ee aOR oe IC be re 33.8 9.1 
WM Pee eer one, 94 Bera Ce Guia eet ae Pm: Tony ee Sy eeL ee Pane Sg be Ee 30.9 8.2 
[sR a eS ie SES Mano AD OAS eM Deepa eT eek genta Np. Ny cr se en BNE 30.3 (3. 9) 
GES fhe ae SE ee a SI, Py a eh oa ee Oe ey, Bee eee 24.4 9.4 
Hl Qi Reece Re eye ote ee ee RRA RO SiMe OM See ree a See et NE ere ee ee en 14.8 (4. 2) 
ashes BY ps Phe ORD 1 Ee ey I CE SN a PE 2 Ces Meee et oh Si 8.4 0.9 
1 PRS Bagh ENP SMU eae I BE ah I ere AN SOU OR eer ns Ea ES SC 13.0 (64. 5) 
5 Ta ce ener ae Te apres RENE NY eae, Renee ere nares aed OU ts ae TS A re Ie 32.0 (23. 6) 
11 a SPE See to! S 5 3 IN ie TA Ee Gs eco, Sa SNe Woh Dein 3 8 1h 8.0 (71. 7) 
Ti 5ee sesh ran 28 8 he. uate eee SSE re we ech eres ayaa OER Bele eee Tae (83. 5) 
9 eRe A SEF Tsk lt SY BON ERA Se PA Pe RIND an ve a ae 43. 4 (1. 3) 


The wide variations for individual companies and ketween com- 
panies stands out clearly from these figures. Three of the seven com- 
panies showing losses discontinued antibiotics operations; a fourth 
sold this part of its business; and the remaining three realized a profit 
in the most recent years. Company 1 remained in first place in all 
7 years with respect to its rates of gross profit, net operating profit, 
and net profit before taxes, 


205 


ANALYSIS OF FINANCIAL DATA 





f *eTqB1 JO pus 4B SejJ0UO0J 99g 
































































































































¥ O01 861 o LG FST 8 SS (1) 9°8 £6 a6 (1) cP Tele oe ees eas Re Sa[BS JOU UT Pepnypauts ees JIOdx| 
(2 09) 63 (8 °Z) (1) (i) (i) 9 ST i 6 8 6 93 8 9% Gee er ea eres soxe} [elopag o10Joq IYOId ION 
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(9 €9) oy A A pias ach ae (1) (1) (1) 0 ‘FT 6 61 9°8 SLC b'9% eS Ae a eta eet re qgoid Zuyye1edo 49N 
L°9¢ FG See (i) (i) (1) oth £&Z yg 6 ‘IP LLP Oy Pe reser a oa ee [210.L 
PIL v's SCL (1) (1) (1) Et €°¢ I ‘FI (1) LL Ce tan eae ee gS [eleuss pue oA} eIySTUTWIp y 
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Industry ratios | 


Selected financial ratios for all companies shown in table 56 for 
each of the years 1950 through 1956 are set forth in table 57. The 
table is a summary financial picture of all antibiotics activities as 
reported by the leading manufacturers for each of the years shown. 

Cost of goods sold ranged from the 50.2 percent of net sales shown 
in 1952 down to the 39.0 percent of 1956. Conversely, the gross profit 
ratio was 49.8 percent in 1952 and 61.0 percent in 1956, showing a 
gain in each intervening year. 

The figures submitted showed a 12 percentage-point increase in 
selling, general, and administrative expenses during the 7-year period. 
In 1950 such expenses were approximately one-fourth of net sales, 
but since 1954 they have represented over a third. Most of the in- 
crease from 1950 to 1956 (8.7 out of 12.1 percentage points) is attribu- 
table to selling and advertising expense. The ratio of selling expense 
to net sales increased by nearly half, while the advertising ratio more 
than doubled during these years. Research expense ranged between 
6 and 7 percent from 1952 through 1956, after a sharp rise in 1952. 
The percentage of sales devoted to administrative and general ex- 
penses showed a gradual increase, broken by a decline in 1954. 


TABLE 57.—Selected financial ratios for the antibiotics manufacturing industry: 
1950 to 1956 


]This table includes all companies in table 56. Data have been allocated when allocation was not furnished 
by the company. Items, including income from royalties and licenses, stated as a percent of net sales] 


Item 1956 1955 1954 1953 1952 1951 1950 
INGiaSaleSe eases o sree. Joke oleae ss 100.0 | 100.0} 100.0; 100.0] 100.0] 100.0 100.0 
WOStHOMCOOdS SOldGsr 22. Bese cics coe cen een 39.0 41.8 43.2 44.4 50. 2 40.8 44, 4 
OSS PEOMbs oe aa set cans eek eee cE Sa 61.0 58. 2 56.8 55. 6 49.8 59.2 55. 6 
Selling, general and administrative expenses: 
Selling sese se 0 ee eae Pe eee oe EE ie FL 13.9 13.8 WB Of 12. 4 11.7 9.0 9.4 
INAVGRUISINGs kee coe ae eee sec owes UST Usa 8.0 5.9 5.5 4.1 ono) 
Researches. ele. os Stee Is Bt ES 6.7 7.0 6.7 6.3 6.2 4.2 4.4 
Administrative and general..._......--.. 8.7 8.6 7.9 8.5 8.0 7.6 7.6 
PDO La lie ake esl ae SN ewe ee ne 3 ee 37.0 Sia 36.3 33. 1 31.4 24.9 24.9 
INIEGODErATING Prolb. 94.0) Bete Se Lee 24.0 Pale | 20. 5 22. 5 18. 4 34. 3 30. 7 
Income from royalties and licenses--------..-- one Dh 2.1 1.8 ad 1.4 9 
Net profit before Federal taxes !.__..-.____..- 26. 0 22.0 20. 2 22.2 19.3 34. 5 30. 5 
Export sales included in net sales__--._._--_-- 16. 4 18.3 22.6 22.0 22.3 28. 0 29.0 


1 Other income and deductions not shown separately. 
Source: FTC data request, 1957. 


Further analysis of the data submitted indicates that net profit was 
80.5 and 34.5 percent, respectively, in 1950 and 1951, then dropped to 
19.3 percent in 1952 because of a marked decrease in gross profit and 
a sharp increase in selling, general, and administrative expenses. Al- 
though the reported gross profit rate has more than recovered in sub- 
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sequent years, the net profit ratios never recovered to their 1950-51i 
level. The continuing rise in selling, general, and administrative ex-. 
penses has stood in the way, more than offsetting increased incomes 
from royalties and licenses. Income from royalties and licenses, ex-; 
pressed in percent of sales, has represented only a small part of total 
income, but has increased every year—from 0.9 percent in 1950 to 3.2% 
percent in 1956. 
The ratios of export sales to total sales show, with the exception of! 
1954, a consistent decrease from a high of 29 percent in 1950 to a low’ 
of 16.4 percent in 1956. These ratios, however, do not reflect the ex- - 
port sales of one of the leading antibictics producers, whose inclusion : 
would have altered the figures and might have affected their trend. 





Antibiotics group ratios 

In order to avoid disclosure of individual company data, it was de- 
cided to group all antibiotics into the five following major group- 
ings. 

1. Old forms of penicillin—These include (a) procaine peni- 
cillin, (0) potassium penicillin, (¢) combinations of potassium 
and procaine penicillin, and (d@) all other penicillins and combina- 
tions thereof except those called “new forms of penicillin.” 

2. New forms of penicillin—tInclude benzathine penicillin, 
penicillin V, and hydrabamine penicillinG. These are given only 
for 1954-56, to avoid company disclosure. 

3. Streptomycin.—This includes (a) streptomycin, (0) dihy- 
drostreptomycin, and (c) streptoduocin. 

4. Broad spectrum—This category includes (a) tetracycline, 
(5) chlortetracycline, (c) oxytetracycline, and (d) chloramphen- 
1col. 

5. All others.—This comprises (a) bacitracin, (0) erythromy- 
cin, (¢) neomycin, (d) novobiocin, (¢) tyrothricin, (f) antibiotic 
combinations except those included in group 1, and (g) miscel- 
laneous. 

Table 58 shows selected financial ratios of group 2 for the years 
1954 through 1956, and for groups 1, 3, 4, and 5 for 1950 through 1956. 
This table includes data from those companies in table 56 which fur- 
nished detailed information, together with data from two additional 
companies whose expenses had to be reallocated to put them on a 
comparable basis. All figures except net sales are expressed as a per- 
centage of the total sales of its group. The figures shown opposite 
net sales each year reflect the percent of aggregate net sales represented 
by each of the groups. 
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TABLE 58.—Selected financial ratios of antibiotic product groups: 1950 to 1956 


[All figures except net sales are expressed as a percent of total net sales in each group] 


Item 


Net sales (percent of total antibiotic sales)______- 
Mate OMCOOUSISOLM= 2 ons22 ane enc n lk bos ese sce 
ERO SSEOLOIM Ge eree 2 ke ee oS ee So 


Selling, general and administrative expenses: 
SGU Ris SS ee ap eee Se ae SP ener eo ere 
INGE RTISEM eens eee ees ee A aa 
PVESCORC betwee ak POE ee ee 





Net sales (percent of total antibiotic sales)_...._- 
MOSTOUCOOUSISOIM=. oe a) on ee ee eee 
BOSSE DEON be eee. asus eS A re 


Selling, general and administrative expenses: 
Seine ewer eee oe wee ae ee eS 
PCV CTI SIN Oe en eres es ae RSS ee oe 
FPVES CRTC le eet ate a a ee ea i ee EE 2 
Administrative and general_.-........-.----- 


| BO Saleen sre Ne Ait tere Sa Zs See 
Pe MetOperating- Prolite: -oss2-22 hese st cee 2 


Net sales (percent of total antibiotic sales)_...._- 
POStHOMPOOUS SOlGe 2 ose lla eacee eh cae Se cee 
MELOSSADROl Gye (2a te A tee bee 7 ad 


Selling, general and administrative expenses: 
Se Ii Carer eet te ere Se Nee oe oc te 
INAV ertiSitites 2 seers 2 NR 2 sae Pet 
RVESCARC Nee each eines ee ee eee aes 
Administrative and general_--._-.-.---------- 


See footnote at end of table. 


471425—58——-15 


Net sales (percent of total antibiotic sales)____._- 
Mast OlMeCOOUS SOld > 020.2502 ee ee 
EROS ED LOM Geena Sa es EN ee 


Selling, general and administrative expenses: 
(SiS ro yth 20k RN Sg Sa) eee toate ee SRO aan 
INGRASTA SAT ES ores Oe Een rere ran 
VESCAN Citar ee eee we aera. SP 























1956 
Penicillin 
Stepto- Broad All 
Old New mycin | spectrum| others 
forms forms 
10k I 7.9 3.9 50.9 26. 2 
70.8 Ol, Bs 110.7 24.6 45.8 
2959, 78.7 (10. 7) 75.4 54. 2 
12.5 12 0 Ailes 15.3 14.2 
6.1 8.4 5.6 9.3 6.8 
bv 4.7 6.4 7.0 6.5 
10.5 1OR2 Ws 4 70 9.3 
34. 8 a, 30. 7 38.6 36. 8 
(5. 6) 43.4 (41. 4) 36. 8 17.4 
1955 
5.0 12.9 47 56.1 21.3 
83.3 19.7 110.5 26 3 46.9 
16.7 80.3 (10. 5) Bot Bom 
2ST, 15.5 10.3 15.8 11.6 
ij, D 8.9 Sal 9.1 WP 
5.8 8 @ 5.9 70 6.8 
10.2 16.5 5.6 6.7 8.6 
33.9 44.1 26 9 38 6 34. 2 
(782) 36. 2 (37. 4) 35. 1 18.9 
1954 
are 4.0 | 6.1 52. 5 20. 1 
72.1 17.4 93. 5 25.9 47.7 
27.9 | 82.6 6. 5 74.1 li &! 
13.6 16.6 10.6 15.1 12.9 
5. 1 7.9 6.3 9.5 10.1 
6.9 4.0 5.8 6.5 7.9 
9.7 18.8 5.7 5.6 8.6 
35.3 47.3 27.4 36. 7 38.6 
(7. 4) 35. 3 (20. 9) 37.4 13.7 
1953 
Penicillin— Strepto- Broad All others 
old forms ! mycin spectrum 
23.3 Uo 46.0 23. 5 
69.3 78.6 24.5 50. 5 
30. 7 21.4 (ond 49.5 
Pe eee ree 
11.6 9.5 13.6 12. 4 
4.5 4.3 6.5 7.5 
5.9 Sn 6.2 6.0 
: 9.7 6.6 5.8 9.5 
31.7 26. 1 82. 1 35. 4 
(1. 0) (4. 7) 43. 4 14.1 
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TABLE 08.—Selected financial ratios of antibiotic product groups: 1950 to 
1956—Continued 











1952 
Item —e 
Penicillin— | Strepto- Broad All others | 
old forms ! mycin spectrum | 
Net sales (percent of total antibiotic sales)_______.___ 26.3 10.1 49.7 13. ¢! 
COst Ol POOGS BOs foc. a et ee ae 78. 2 75.9 26. 0 64.7 
CULOSSI PION one e ie weasel eee 21.8 24.1 74.0 45.3: 
Selling, general and administrative expenses: 
pe oe ta See a BS apenas og NG aa. ee 132 10.6 12.9 12010 
AGVERtiSiN? ea sonst Se renes mie 6.5 4.6 6.8 6a 
PROSCEMOM Eo eue eet Ae eee aes ee oe by 4.7 5.7 6. 0. 
Administrative and general_...._._........_._... 10. 4 4.1 4.9 10. 1 
TOUS bab ee te et toes Soe ee oe ve 34. 8 24.0 30.3 33.5% 
INGt Operating Droht: 2.0 20.0 (13. 0) bal 43.7 11. 8 
1951 
Net sales (percent of total antibiotic sales)___.._____- 37.4 1358 40.1 9. 2' 
COST OL BOOUS OIG tose aoa not ao ene oie ce cee eee 46.3 60.7 25.6 36.55 
SPOS MOTO aoe eee Ona oe aise on See te ae ee 53. 7 39.3 74.4 63, 5° 
Selling, general and administrative expenses: 
DG ee eer oP REO ne See ee ee 11.5 6.8 9.2 11.9: 
SPACCIVGNUISI Serene etn Bisley eee nee ar ne ere Dall 3.0 5.6 §. 2 | 
bE 1 1 JM aco Oe ana Bp 4.5 3.4 4.2 4.7) 
Administrative and general______________ Ba Sek 9.7 4.8 623 9.1. 
AS ale Maes chee on 2 BE A oe ee ie 30.8 18.0 24.3 30.9 | 
Net Operating Pronts222. 5.2 ce do aca oe eee 22.9 Dies 50; I- 32. 6 | 
1950 
Net sales (percent of total antibiotic sales)_....._____ 44,4 13. 4 35. 4 6.8 
Costioteoods soldi s 2.2 2 he ee, Re 49.3 63. 9 23.8 32. 8 
(STROSS RUG US cost cok ee oa es as SO ee ee ae 50. 7 . 6.8 76. 2 67. 2 
Selling, general and administrative expenses: 
DOUG. Bie cco keke fe 5 ee ee eg Ole 11.4 6. 2 10.4 16.5 
PEW GRCISI te mate ie one ae he ee 4.3 2.4 4.1 (eB: 
IRGSCANC MS ae pe ae oe en a ee 4.2 3.7 4.0 6.3 
Administrative and! general___ 22. -.-_-2.2=s 9.4 6.1 5.6 11.4 
POGR ees ct ee lee Se eee 29.3 17.4 24.1 41.3 
Met Operating promt: — 2... Ree le ae 21.4 18.7 62.1 25.9 





1 Prior to. 1954 only 1 company reported manufacturing any of the newer forms of penicillin. To avoid 
disclosure the data for this product of this company are not shown, 
NortTe.—Figures in parentheses indicate losses. 


Source: FTC data request, 1957. 


A marked change in the percentage relationships of the various 
groups to total antibiotics sales during the period under review is ap- 
parent. For example, in 1950, sales of group 1 penicillin represented 
almost 45 percent of the total, and by 1956 this ratio had dropped to 
11.1 percent. Since 1952 the penicillin group 1 has shown a loss at the 
net operating profit level. These minus figures have fluctuated rather 
markedly, ranging from an almost break-even point in 1953 to a minus 
17.2 in 1955. The cost of goods sold increased from 46.3 cents of 
each dollar of sales in 1951 to 78.2 cents in 1952. The drastic change 
in profit ratios from 1951 to 1952 is undoubtedly a reflection of the 
sharp decrease in selling price at that time. The selling, general, and 
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administrative costs increased from 29.3 percent in 1950 to 34.8 percent 
in 1952, a figure which was again reported in 1956 after slight fluctu- 
ations between. 

The data showed that Group 2, New Forms of Penicillin, has been the 
most profitable of the five groups in table 58 in 1955 and 1956. In the 
8 years that it is shown separately, the cost of goods sold has been at 
a very low figure, about 20 percent of net sales. 

The streptomycin group experienced a continuous drop with respect 
to its proportion of total antibiotic sales, beginning in 1952. Between 
1951 and 1956 this proportion decreased from 13.4 percent of total 
Collar sales to 3.9 percent—although the group’s share of total pounds 
of antibiotics production decreased only from 23.5 to 20.8 percent. 
In actual figures, output more than trebled, but sharp price declines 
reduced total dollar sales. In 1951 net operating profit amounted to 
91.3 percent of sales, but in 1952 to only 0.1 percent. Net operating 
deficits of 4.7, 20.9, 37.4, and 41.4 percent followed in 1953-56, 
respectively. 

It is possible that a disproportionate share of the joint costs was 
assigned to the streptomycins. If, however, these reported losses 
correctly reflect the streptomycin situation, the question arises why 
companies continue to manufacture products on which losses are in- 
curred and which, in the case of streptomycin, have increased each year 
for 4 years. Moreover, the producers have increased their output of 
the streptomycins in these deficit years, from 430,000 pounds in 1953 
to 641,000 pounds in 1956. Explanations given by the companies for 
continuing the manufacture of this seemingly unprofitable product 
included (1) desire to offer a full line of ethical drugs, and reluctance 
to withdraw a medicine needed by the public on financial grounds 
alone; (2) expectation that company sales would increase due to 
(a) expanding world demand, (b) company’s increased penetration 
of the available market, or (c) the exit of competitors from the 

market: and (3) the expectation of success in efforts to reduce cost 
of production. 

Quite a different vicars emerges from the data for the two 
remaining groups: “Broad ee. and “All others.” In 1950, 
when ae broad spectrum antibiotics comprised 35.4 percent of total 
sales, the gross profit amounted to 76.2 percent and the net operating 
profit to 52.1 percent. In 1951, the broad spectrum group supplanted 
the penicillin group in first place. In 1956, the broad spectrum 
group comprised about half of total sales, or approximately 5 per- 
centage points under the 1955 high of 56.1 percent. Its gross profit 
ratio remained at about the 75-percent level during all of the 
%-year period. The net operating profit, however, declined from 
m: 1 to 86.8 ea, eee 1950 and 1956. This decrease feos 
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to be mainly the result of increases in selling and advertising expenses} 
since 1954. The broad spectrum group’s total selling, general, and. 
administrative expense ratio rose from a low of 24.1 percent in 1950! 
to a high of 38.6 percent in 1955 and 1956. This increase of 14.5 
percentage points was greater than that for these expenses in any 
other group. 

As to the “All others” group, it may be noted that, with the ex- 
ception of 1954, there was a consistent increase in its ratio to total 
sales, from the 6.8 percent of 1950 to the 26.2 percent of 1956. The 
following tabulation shows for 1950 and 1956 the proportionate 
amount of sales of each antibiotic represented in the “All others” 


group: 


Antibiotic 1956 1950 

Combing tionse 2 29.26 oe fe ere ie ee eee en ee eee 48.2 56.1 
FOR VC POUMIVOIN ct 2 cl oe OL eS it he ci ee lee ent ee 20:'6")2 sae ae 
INCOURY.CUNEOE a see «Se ase ees ee ee oe Ne ee ee ee ee ere ae a een 703. ee see 
INGVODIOCINE sass 22 Soe Ba oe eee ge eee OA eR meee 6883 |223y se 
SACI CRAG He ae ere ens Le er eee Ne | oe ee ee ee eee 4.3 40.6 
Oleandomycinies. oto. hee Sek hn ee ee ee ee eo 2.:2:|| ae eee 
VETO TAY, GLI pe yy eee te ee Pe AE a ee ee ee eee, Se ee .9 5c: 
TERY ASAIO AG Uae Na eee ee es ab ane Sn eet Gs SM, 2). da ee eee, SE IR Se se ll 
ASyroclipicinee sees feo O ae ee i ee Me, ee eS Re ee See .2 1.8 
Wiiscellanecousite: 52-282 5-= 5.28 oe ee i ea ee ee eee 9.1 1.1 

CSO Gk eee SN en, Ra te ee Bt a LS eee 100.0 100. 0 


The above tabulation indicates that the “combinations” represent 
the largest percentage in each of the 2 years. The sales of combina- 
tions in 1950 comprised 1.7 percent of the $249,623,000 antibiotics net 
sales shown in table 55, while in 1956 they represented 12.3 percent of 
the $337,718,000 total for that year. Bacitracin dropped from 40.6 
percent to 4.3 percent of the “all others” group, but its dollar volume 
remained about the same, since the total sales of the whole group in- 
creased more than tenfold. Erythromycin, not produced in 1950, 
accounted for slightly more than one-fifth of the total sales of this 
group in 1956. 

The net operating profit ratio, which was 25.9 percent for the “All 
others” group in 1950, dropped to 17.4 percent in 1956. 


Profit Comparisons 


Profits compared to assets of selected antibiotics manufacturers 


Usable financial data reflecting total assets devoted to the manu- 
facture of antibiotics for each of the years 1950 through 1956 were 
furnished by six leading antibiotics producers. Table 59 shows the 
percentage of net profit before Federal taxes to such assets. In order 
to avoid disclosing individual company data, numbers which do not 
necessarily correspond to those of table 56 are used for the companies. 
The companies have been ranked on the basis of their 1956 ratios. 
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TaBLeE 59.—Net profit for antibiotics operations as a percent of assets, by 
company: 1950 to 1956 


[Net profits are before Federal income and excess profits taxes] 























Company No. 1956 1955 1954 1953 1952 1951 1950 

pee a re NI Ree Ss Sa ae ee 57. 6 42.5 29.9 28. 4 5.2 13.8 23. 2 
1 pei ES eae at OAS Ae a ae, 50. 9 43. 0 39.9 Sie 37.9 61.5 101.2 
a a a ee i ee A mee Se eet ne BP 22:2 6.5 0. 2 4,9 (2. 3) 19.3 21.1 
a Sat tg BC al aS Ow ER 17.9 18. 7 15.3 19.3 18. 2 Sia 31.5 
12 we ea PSEA te APS A I ene Sen eRe Ne SOE 12.6 7.8 gal (8. 4) .6 36. 3 19.1 
Een co eas cn I IE SES a een, eR 2.0 (2.7) (3. 9) 10 (1. 6) 1252 IDE es 

PASC AS On met ae ee ene er ot eee 28. 5 23.3 20.6 19. 4 18.2 37.1 42.2 


i Less than 0.05 percent. 
Nore.—Figures in parentheses indicate losses. 
Source: FTC data request, 1957. 


Company No. 2 shows the highest percent of profits to assets in 
each of the years with the exception of 1956, when it was second to 
company No.1. Company 2 ranked among the largest in the amount 
of total assets devoted to antibiotics operations. Company 1, which 
ranks lowest in order of such assets in each of the 7 years, had rather 
wide differences in its profit ratio in this same period. The 1956 
profit ratios ranged from a low of 2.0 percent for company 6 to a 
high of 57.6 percent for company 1. Significant variations also ap- 
pear in many of the earlier years shown in the tabulation. One com- 
pany reported a loss on its antibiotics operations in 8 years and another 
a loss in 1 year, while another’s pretax profit ratio reached 101.2 pre- 
cent in 1950. Attention is invited to the selected financial ratios set 
forth in table 56 for more detailed information. 


Comparison of antibiotics profits with pharmaceutical and con- 
solidated profits 


Table 60 compares the ratios of antibiotics profits before Federal 
taxes to assets devoted to antibiotics operations for the 5 companies 
of table 59, for which total assets devoted to pharmaceutical opera- 
tions were also available, with (1) the ratios of total pharmaceutical 
profits before Federal taxes to total assets devoted to pharmaceutical 
operations of these 5 antibiotics companies; (2) the ratios of profits 
before Federal taxes to total assets of the only 10 pharmaceutical 
companies, manufacturing predominantly ethical drugs but not anti- 
biotics, for which financial statements were published for the years 
1950-56; and (3) the profit ratios on consolidated operations of the 
10 antibiotics companies publishing financial statements. 

Table 61 makes these same comparisons in terms of profits ex- 
_pressed as a percent of net sales instead of assets, though for this 
comparison reported antibiotics profits of 6 instead of 5 companies 
were available. 
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The asset comparisons yielded the following results. 

(1) Two of the five antibiotics companies included showed a. 
lower profit ratio for their antibiotic than for their pharmaceu- . 
tical operations in all 7 years; one showed a lower antibiotic : 


ratio in all years but 1955; and two showed a higher antibiotic : 


ratio each year. The five-company weighted average profit ratio 
on antibiotics operations was higher than that on pharmaceutical 
operations in every year but 1956. The advantage was being 
steadily whittled down during these years from 11.8 percentage 
points in 1950 to 1.7 percentage points in 1955 and, as stated, the 
pharmaceutical profits were higher in 1956. 

(2) The average profit ratio of the 10 pharmaceutical com- 
panies used for comparison was lower than both the antibiotic 
and the pharmaceutical profit ratio of the 5 companies in the first 
2 years, 1950 and 1951, and higher than both these ratios from 
1952 through 1956. Three of the 10 pharmaceutical companies 
had exceptionally high profit ratios throughout, and a fourth 
had such a ratio in the two most recent years. Two of these four 
have wholesaling subsidiaries, and the relatively low ratio of 
assets to sales in the wholesaling business might tend to exag- 
gerate the profit ratio of wholesalers compared to that of manu- 
facturers if computed on the basis of assets. 

(3) The comparison with published consolidated financial data 
of the 10 antibiotics companies shows that both the average anti- 
biotic profit ratio and the average pharmaceutical profit ratio of 
the antibiotics companies ran well above the average consolidated 
profit ratio in each of the 7 years. This indicates that for the 
antibiotics manufacturing companies, the manufacture and sale 
of products other than antibiotics and total pharmaceuticals 
is, on the whole, significantly less profitable. It is impossible to 
match the profit ratios company by company without disclosing 
the identity of the numbered companies. The consolidated profit 
ratios are also lower each year than those of the 10 pharmaceu- 
tical companies used for comparison. 


The comparisons of rates of profit before Federal taxes with respect 
to net sales, shown in table 61, disclosed relationships similar to those 
with respect to total assets. 


(1) Two companies reported lower antibiotic than pharmaceu- 
tical profit ratios in each of the 7 years, 2 reported lower antibiotic 
profit ratios in 4 years, and 2 reported higher antibiotic ratios each 
year. 


d 
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(2) The average ratio of profit to sales of the 10 pharma- 
ceutical companies chosen for comparison was considerably lower 
than either the average antibiotic profit ratio or the average 
pharmaceutical profit ratio of the antibiotics companies in 1950 
and 1951. It was between these two ratios in 1952 and again in 
1954; and exceeded both of these ratios by more than 3 percentage 
points in 1955 and by more than 1 percentage point in 1956, The 
profits made by Schering Corp. on two steroid hormones used to 
combat arthritis and certain other diseases and by Smith, Kline 
& French on its tranquilizers were important factors in the gain 
in profits of these other companies after 1954. In this com- 
parison of profits with respect to sales, the fact that Smith, 
Kline & French and Stuart Co. have wholesaling subsidiaries 
lowers the average profit ratio of the group, since wholesaling 
generally yields a lower return on sales than does manufacturing. 

(3) Once again, the average antibiotic and pharmaceutical 
profit ratios of the antibiotics companies exceeded their average 
consolidated profit ratios in every year. In other words, with 
respect to sales as well as to assets, their pharmaceutical opera- 
tions were on the average the most profitable part of their 
business. 


Graphic analysis of antibiotic and pharmaceutical profits 

A %-year comparison of profits before Federal taxes from anti- 
biotic operations with the overall pharmaceutical business of six com- 
panies is shown in chart 8. The numbers used to avoid disclosing the 
manufacturers’ identity are those used in table 61, and the graph 
merely illustrates section 1 of that table. 

In each of the years from 1950 through 1956, the antibiotic profit 
ratio of companies 2 and 5 exceeded their total pharmaceutical profit 
ratio. Companies 3 and 6, however, had higher profit ratios for their 
total pharmaceutical operations throughout the 7-year period. Com- 
pany 6 had losses in antibiotics from 1952 through 1955, and company 
8 sustained a loss in antibiotics in 1952. Antibiotic profits ratios of 
companies 1 and 4 were below their pharmaceutical profit ratios in 
4 out of the 7 years. i 
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Net Profits as a Percent of Sales 
Antibiotics Manufacturers, 1950-1956 
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Comparison with profits in all manufacturing industries and in 
chemical industry 


The following tabulation shows the percentage of net profits before 
Federal taxes to assets for all manufacturing industries, chemicals 
and allied products, and antibiotics for the years 1950 through 1956: 


All manufactur- Chemical 


Years ing industries and allied Antibiotics 
(except products 
newspapers) 
TSOYA O RS ae PS ae en AS Oe eel ree ed ee ee a 14 6 18 3 28 5 
Oe eee a a Ree AY cee ee ahs ia ni A One, a 7 19 1 23.3 
OA ore eke aes Lele mite ep iva Be hed smal We Paks SoS Dears ieee NOE, 15 1 20. 6 
ROD Gea ta a a na Se Re oe Be eh aso oe aes 14 4 16 2 19.4 
SHON £2 eee ane A Hare AD bette ey enn Sy Oe Maat eal meee ee eh lL denen od 141 16 5 18.2 
TOUTE soe sal ae ein EA Maik pt ab 7 Dh ah Ca ee 18 8 2283 37.1 
BS) ae ee Be a ed et al eae Ek Dae, Suk de 19 6 24 0 42.2 


1 Profits f ra group called “Drugs and Mev?icines” are available in t»e FTC-SEC reports since April 
1956. The rati-s for the quarters through March 1957 were 24.7, 27.4, 24.2, and 27.9 percent. 

The “all manufacturing” and “chemicals and allied products” ratios 
were computed from the Quarterly Financial Report for Manufactur- 
ing Corporations published by the Federal Trade Commission and 
the Securities and Exchange Commission. These quarterly data were 
not intended to be additive for arriving at annual totals, but for the 
purpose of this tabulation, annual estimates were made by adding the 
quarterly profits and averaging quarterly assets. The antibiotics 
ratios are from table 59, and are applicable only to that segment of 
the business of each of the six companies included. 

It is clear that the rate of return on assets was greater for the anti- 
biotics industry than for either of the other two broader industry 
groups in each of the years shown. It was also 2 or 3 points higher 
than that for “drugs and medicines” in the one year for which that 
series is available. 

It should be noted that the manufacture of antibiotics, like the 
manufacture of all drugs and medicines, is subject to certain inherent 
risks. One is the risk of obsolescence of any or all of its products, 
if they lose their potency due to the development of immunity or if 
still more effective remedies, or equally effective but cheaper remedies, 
are discovered. Another is the manufacturer’s product liability, under 
which he may become the defendant in large damage suits. 

The higher rate of profit in antibiotics is most pronounced in 1950 
and 1951, and 1956. A comparison of tables 57 and 58 indicates that 
this may have resulted in part from the situation in the penicillin and 
streptomycin groups. These products yielded substantial profits in 
1950 and 1951. As output expanded due to increased facilities and 
increased yield, their prices dropped sharply, and remained through 
1956 at a level which was unprofitable for some of their producers. 
There was, however, a price recovery in the latter part of 1956. 
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The excess of antibiotic profits over all chemical profits ranged be- 
tween 1.7 and 18.2 percentage points, being lowest in 1952 and highest 
in 1950. The chemical industry ratio, in turn, has ranged from 1.8 
to 4.4 percentage points higher than that for all manufacturing, in 
1953 and 1950, respectively. The antibiotic ratios exceeded that for 
all manufacturing by from 4.1 to 22.6 percentage points. In 1950, 
1951, and 1956, it was approximately twice the average ratio for all 
Panera 3 


CHAPTER VIII 


Patent Ownership and Licensing 
in the Antibiotics Industry 


Introduction 


Research programs of companies engaged in the manufacture 
and sale of antibiotics are directed toward the discovery and de- 
velopment of new products and processes of manufacture and 1m- 
provements thereon which can be patented. The results of these 
research programs have much to do with success, or even survival, in 
the antibiotics industry. The more successful companies have either 
patented one or more useful antibiotic products for which there is 
great medical demand; or they have obtained licenses to produce and 
sell such antibiotics from other companies which hold patents. Many 
of these licenses result from interference settlements between com- 
panies having competing applications for the same discovery pend- 
ing in the Patent Office. In any event, whether patents are obtained, 
or whether licenses are obtained, such results are directly attributable 
to research activities. 

This chapter is divided into four sections. In each section an 
effort has been made to focus attention on some particular aspect of 
patent relationships among manufacturers of antibiotics and to discuss 
the manner in which these relationships have affected the production 
and distribution of antibiotics. These sections are entitled: 

Product Patents in the Antibiotics Industry. 

Patent Ownership in the Antibiotics Industry. 

Patent Licensing in the Antibiotics Industry. 

Significant Patent Litigation: (a) Procaine penicillin, (6) tetra- 

cycline 

Of necessity, there is some overlapping of subject matter between the 
“Patent Ownership” and the “Patent Licensing” sections, but this has 
been held to a minimum. 

The United States Constitution provides that “The Congress shall 
have power * * * to promote the progress of science and the useful 
arts, by securing for limited times to authors and inventors the ex- 
clusive right to their respective writings and discoveries.”1 The 


1U. S. Constitution, art. 1, sec. 8. 
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means chosen by the first United States Congress, in 1790, to imple- . 
ment this constitutional mandate was the establishment of a patent 
system.? It has remained a cornerstone of our national policy, rep- 
resented at present by the Patent Code of 1952. The working of 
this system has been described by one Federal court as follows: 

The patent system encourages invention not only in that it rewards the in- 
ventor with a patent, but it spurs the competitiors to put forth their mightiest 
effort to produce a product as good, yet different from the patentee’s * * *. It 
must be admitted that in an effort to avoid infringement of a patent, as much 
skill is often displayed as is shown in the conception or development of in- 
vention itself. There is, however, nothing objectionable in this. In fact, it 
is thus that the patent system is working at its best. For it is then that we 
have competition between a holder of a legal monopoly and his competitors. 
It illustrates how the legal monopoly evidenced by a patent excites the com- 
petitors to their best to meet or excel the product covered by the existing patent. 
Competition among industrial rivals and inventors is thus incited.’ 


It will be apparent later in this chapter that there has been a strong 
impetus to research and development in the antibiotics industry as 
a result of the competition among rival pharmaceutical houses in the 
race to obtain patents on individual antibiotic products. In a line 
of cases dating back to 1830, the United States Supreme Court has 
consistently held that the reward to inventors is merely a means to 
the end of attaining the “main object” of the patent system, which 
is “to promote the progress of science and the useful arts.”5> A 
corollary principle has been repeatedly enunciated by the Supreme 
Court: “It is the public interest which is dominant in the patent 
system * * *, It is the protection of the public in a system of free 
enterprise which alike nullifies a patent where * * *itisinvalid* * * 
and denies to the patentee after issuance the power to use it in such 
a way as to acquire a monopoly which is not plainly within the terms 
of the grant.” ° 

In former times it was assumed that the principal effect of patent 
grants would be to stimulate individual inventors to devote “sacri- 
ficial days” to the invention and development of new products. But 
in the modern industrial society of the United States, according to an 
authority on patent law, “the spotlight has shifted to the salaried 
scientist and engineer engaged in group research of the kind that ac- 
counts for the sustained whirlwind pace of current technical 
progress.”7 The accuracy of this statement, as applied to the anti- 

21 Stat. 109. 

$66 Stat. 792. 

4 James P. Marsh Corp. v. United States Gauge Co., 129 F. 2d 161, 164, 165 (7th Cir- 
cuit 1942). 

5 Pennock v. Dialogue, 2 Peters 1, 19 (1830). 

6 Mercoid Corp. Vv. Mid-Continent Investment Co., 820 U.S. 661, 665 (1944). 

7George IE. Frost, ‘‘The Patent System and the Modern Economy,” Study No. 2, Sub- 


committee on Patents, Trademarks and Copyrights of the Committee on the Judiciary, 
U.S. Senate, 84th Cong., 2d sess., Washington, 1957, p. 1. 
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biotics industry, is shown by the fact that more than 91 percent of all 
antibiotics patents issued during 1942-56 were granted to domestic 
and foreign corporations as assignees of employee inventors. Only 
21% percent of patents issued were granted to private inventors. Ap- 
proximately 5 percent were issued to agencies or departments of the 
United States Government. Less than 2 percent were issued to re- 
search foundations and State and local governments. (See table 62.) 

The patent grant is essentially a contract between inventor and 
Government.? According to the Patent Code, a patent “thas the at- 
tributes of personal property.”® The important thing, however, is 
the right of the patentee to exclude others from practicing the in- 
vention, if that invention meets the legal standard of patentability. 


TABLE 62.—Ownership of antibiotics patents issued: 1942 to 1956 





Antibiotics patents 


Owner 
Number | Percent of 
total 

WD OMIESTICICORDORAH ONG Sy sk ees a eee ees RU yee ot ae aa 576 85. 9 
HORCLHACOTPOLAGLOMSaaeme. aas weet ec ce eas ere en eee ee 35 5.2 
hotalassionedstorconporatlOnsecs see sec ee ee eee ee ee Se eee 611 91.1 
NUL Gk WT Saeco eat ne ea Ahn Bl es I RSL. He ere a ES By iW 255 
Wg ore CLOMCTINT OI brent eet et eer ater ke rene cs Seem mene Sins ee nL ee 34 fica 
Others (research foundations, States, municipalities, etc.).........-.-----.---.--- 9 1.3 
ph oitiey ete > SORA Se Sh ee ee ha ales Saree Ne eae le otal eh Che ae 671 100.0 


Seurce: Compiled by the Federal Trate Commission from Patent Office classification files. Patents 
covering certain combinations of antibiotics with other drug products are not included in this table. 


Product Patents in the Antibiotics Industry 


An analysis of patent relations in the antibiotics industry must 
start with recognition of the fact that antibiotics are medical products 
which derive economic value from their efficiency in controlling dis- 
ease-causing organisms within the human body. In some cases, only 
one antibiotic may be used in the treatment of a certain disease, 
since the organism causing the disease is not affected by any other 
type of antibiotic. 

Some of the important antibiotics hereinafter discussed are closely 
related chemically and have similar effects on many disease-causing 
organisms. There is, therefore, the possibility of product competi- 
tion between antibiotics which are substitutable in this manner. In 
these cases the decision as to which antibiotic to prescribe lies within 
the discretion of individual physicians, based upon their knowledge 
of the probable reactions of individual patients if one or the other 
of the various antibiotics is prescribed. 


8S. Chesterfield Oppenheim, Cases on Federal Antitrust Laws, St. Paul: West Pub- 
lishing Co., 1948, p. 472. 
239 U.S. Cs, § 261, 1952. 


471425—58 16 
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There are many types of penicillin. Some of these types possess 
unique qualities in the treatment of disease. ‘There are at least four 
chemically different products comprised within what was patented as 
“streptomycin,” and apart from this there is a slightly different 
molecule with shghtly different properties known as cuhye reser, 
tomycin. 

Four separate antibiotics are usually spoken of as the broad spec- 
trum antibiotics: tetracycline, oxytetracycline, chlortetracycline, and 
chloramphenicol. Chloramphenicol stands somewhat apart from the 
other three members of this category in that it is characterized by 
a radically different chemical structure from the chemical structures 
of the three tetracyclines. 

One additional antibiotic, erythromycin, has been of sufi 
commercial importance in recent years to warrant discussion of patent 
arrangements relating to its production and marketing. 

This discussion, therefore, will be limited to the penicillins, the 
streptomycins, the broad spectrums, and erythromycin. 


The importance of patents covering antibiotic products 


In a memorandum published in November 1954, Bristol Labora- 
tories, Inc., explained: 

In the United States, patents are obtainable upon new drug products as well 
as upon processes of manufacture, and * * * product patents have, in the past, 
proven highly important in the drug industry Accordingly, considerable em- 
phasis is laid in the United States upon obtaining patents upon new products.” 
Thus, product patents in the antibiotics industry are probably more 
important than patents covering processes of manufacture. If a 
company or individual obtains a patent on a basic antibiotic product 
such as oxytetracycline (Terramycin), or chlortetracycline (Aureo- 
mycin), it has to right to exclude all others from making, using, 
or selling this product. If a license under a basic product patent 
cannot be obtained by other companies, they may not make that prod- 
uct at all, and cannot use or sell it unless they first purchase it from 
the source manufacturing it under the patent. Some basic antibiotic 
product patents have been widely licensed; others have been licensed 
to a limited extent; and a few important ones have not been licensed. 


Penicillin 

As previously noted, no patent protection on this product was ob- 
tained. Production of the basic forms of penicillin has, therefore, 
never required a license from a patent owner. Several of the most im- 
portant steps and methods in the fermentation process for production 
of penicillin were patented by the United States Department of Agri- 


10 Memorandum re “Tetracycline Patent Situation in the United States,’ Bristol] Labora- 
tories, Inc., New York, November 1, 1954. 
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culture, which followed the policy of licensing all applicants under 
these patents on a royalty-free basis. As a consequence, many com- 
panies entered into the penicillin business during the late 1940’s, the 
years when penicillin production boomed. Since 1950 several patents 
have been obtained on new chemical] types of penicillin; for example, 
procaine penicillin," benzathine penicillin, and phenoxymethyl peni- 
cillin. As more fully considered later in this chapter, procaine peni- 
cillin has been widely licensed as a result of several factors, including 
interference settlement agreements, contractual obligations of the 
patentee, Lilly, settlement of lawsuits, and Lilly’s policy of licensing 
this patent to other competitors. The benzathine penicillin products 
patent owned by Wyeth Laboratories has been licensed to three com- 
panies which were parties to an interference settlement agreement 
relating to this product. Lilly also owns a product patent covering 
phenoxymethy] penicillin which, so far as is known, has been licensed 
by Lilly to one company, Wyeth Laboratories. 


Streptomycin 


Entry into the streptomycin market was free of restrictions, al- 
though for different reasons. Streptomycin was discovered by Dr. Sel- 
man A. Waksman and his student, Dr. Albert Schatz, two micro- 
biologists doing research at Rutgers University. Under the terms of 
a contract with Merck & Co., Merck had exclusive rights to exploita- 
tion of all patentable scientific discoveries by Dr. Waksman resulting 
from research subsidized by Merck. It was in the course of this re- 
search that streptomycin was discovered. | 
_ When the importance of streptomycin became apparent as a result 
of extensive chemical, clinical, and pharmacological testing, Dr. Waks- 
man requested Merck & Co. to give up its exclusive contract rights to 
exploit streptomycin commercially. In compliance with this request, 
Merck & Co. assigned its streptomycin product patent rights to a non- 
profit research foundation organized at Rutgers. The patent was is- 
sued to the foundation in 1948. In return Merck was granted a nonex- 
clusive license to make, use, and sell streptomycin, providing for the 
payment by Merck to the foundation of a royalty based on a percentage 
of net sales of streptomycin by Merck. Subsequently the foundation 
granted similar licenses to other pharmaceutical houses desiring to 
manufacture and sell streptomycin. The first $500,000 of Merck’s 
royalties was cancelled, in partial reimbursement for its expenses in 
the development of streptomycin not incurred by competitors. 

Approximately 18 months after the discovery of streptomycin, 
scientists employed in Merck’s own research laboratories discovered di- 
hydrostreptomycin, a product with very similar antibiotic activity to 


1 Procaine has been in use for many years as an anesthetic. 
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that of streptomycin. For some medical purposes, streptomycin 
proved to be preferable to dihydrostreptomycin; for others the con- 
trary is true. Within certain limits these two antibiotics may be re- 
garded as competitive, although as a result of slightly different toxic 
effects the two are frequently used in combination. The patent on di- 
hydrostreptomycin was issued to Merck in 1950. Merck has followed 
a policy of licensing competitors to make, use, and sell dihydrostrepto- 
mycin. At least eight licenses have been granted to competitors, each 
providing for payment to Merck of a royalty based upon a percentage 
of each licensee’s net sales of dihydrostreptomycin. Two of these 
licenses were obtained as a consequence of an interference settlement 
agreement involving Merck, Squibb, and Parke, Davis. 

Prior to 1950 ease of entry into the penicillin market and ease of 
entry into the streptomycin-dihydrostreptomycin market existed in 
the antibiotics industry. This was an important factor in the develop- 
ment of price competition among the producers of streptomycin and 
dihydrostreptomycin, as well as among the producers of procaine 
penicillin. No restrictions existed with respect to production of 
sodium and potassium penicillin, as far as can be determined. 

On March 25, 1950, Mr. John McKeen, presdient of Chas. Pfizer & 
Co., Inc., was reported to have stated, “If you want to lose your shirt 
in a hurry, start making penicillin and streptomycin.” # Thirteen 
companies producing penicillin had made competition so keen that an 
amount of penicillin (100,000 units) which in 1948 sold for $20, was 
selling for 414 cents at the manufacturers level in 1950.% In the same 
year streptomycin was characterized as “distress-merchandise,” with 
production running “200 percent to 800 prcent above domestic 
demand.” #4 

Business Week magazine summarized the situation in the anti- 
biotics industry as follows: 

The trouble is—from a competitive point of view—that nobody goes out of 
business. And that is partly because nobody knows what’s going to happen 
tomorrow. A company which is struggling along now in penicillin may come 
up with a better method of administering it, or a new way of making it. 

But there is a bigger reason for everyone wanting to hang on. That is the 
hope that the scores of researchers working in every company’s laboratory 
can come up With an antibiotic it can patent as it own.” 

At about the same time, Mr. McKeen, speaking before a group of 
security analysts, made the following statement : 

From the preceding analysis it is apparent that neither penicillin nor strepto- 


mycin furnishes any real indication of the outlook for the antibiotic industry. 
From a profit point of view, and that is what I believe you gentlemen are pri- 


12 Business Week, March 25, 1950, p. 26. 
18 Thid, 

1 [bid. 

% Ibid., p, 28. 
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marily interested in, the only realistic solution of this problem lies in the 
development of new and exclusive antibiotic specialties. This as I have previously 
indicated is an exceedingly costly and vigorous alternative; nonetheless, it is 
the avenue of approach being most extensively explored by certain antibiotic 
houses today. This is the approach being followed by Pfizer.*® 


The four broad spectrum antibiotics 


Three companies had succeeded in patenting such products by mid- 
summer of 1950. Each company had developed an antibiotic which 
it could market as its own. Patents on chlortetracycline (Aureomy- 
cin), oxytetracycline (Terramycin), and chloramphenicol (Chloromy- 
cetin) had been assigned to American Cyanamid Co., Chas. Pfizer & 
Co., and Parke, Davis & Co., respectively; none of the companies 
granted any licenses permitting competitors to manufacture and sell 
these products. 

Chlortetracycline (Aureomycin) was first marketed by American 
Cyanamid Co. on December 1, 1948. Since the issuance of U.S. Patent 
2,482,055 on September 13, 1949, covering this antibiotic,'’ American 
Cyanamid Co. has had the exclusive legal right to make, use, and sell 
Aureomycin. In 1954 and 1955 Cyanamid negotiated cross-licensing 
agreements with Pfizer and Bristol respectively. These agreements 
do not permit the marketing by Bristol or Pfizer of a product which 
could be sold by druggists as chlortetracycline (Aureomycin). They 
merely authorize the two companies to make and use chlortetracycline 
to the extent necessary to make and sell tetracycline. 

A patent on chloramphenicol (Chloromycetin) was issued to Parke, 
Davis & Co. on October 4, 1949.18 Parke, Davis & Co. ‘has never 
granted any licenses permitting competitors to manufacture and sell 
chloramphenicol. 

It was reported that Chas. Pfizer & Co., in developing Terramycin, 
managed to “set something of a speed record among antibiotics.” 1 A 
team of bacteriologists, virologists, pharmacologists, biochemists, mi- 
crobiologists, analytical chemists, and chemical engineers proceeded 
to do in a matter of months for Terramycin what had taken “15 years 
in the case of penicillin and 8 years in the case of streptomycin.” *° 

Procedures have been established in the Patent Office to accelerate 
action on pending applications, where a special need can be estab- 

16 John E. McKeen, “Antibiotics and Pfizer & Co.,’”’ Armed Forces Chemical Journal, vol. 
III, No. 8 (April 1950), pp. 37-38. 

17, S. Patent No. 2.482.055, issued September 13, 1949, to Benjamin N. Duggar, as- 
signor to American Cyanamid Co. 

1%U.S. Patent No. 2,483,885. 


19 Scientific American, vol. 183, July 1950, p. 29. 
2% Chemical Engineering, November 1950, p. 162. 
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lished.2. Under such procedure, an affidavit executed by President 
John E. McKeen, of Chas. Pfizer & Co. on February 20, 1950, was sub- 
mitted to the Patent Office.2? This affidavit stated in part: ** 


Charles Pfizer & Co., has spent large sums of money in the research and 
development that led to the new antibiotic disclosed in the aforesaid patent ap- 
plication Serial No. 129,868 and is now spending such sums on the most thorough 
clinical testing of said antibiotic. It must decide in the near future whether to 
devote a substantial part of its facilities to the production of the new antibiotic 
and to invest heavily in additional equipment to meet the estimated total market 
demand and to expend the large sums of money involved in the distribution and 
promotion effort inherent in selling such large quantities of this new drug. One 
of the most important factors influencing such decision is whether or not claims 
will be allowed in the above-entitled patent application that will adequately pro- 
tect the additional investment required to manufacture and sell large quantities 
of said antibiotic. Chas. Pfizer & Co., Inc., will not enter into such a large-scale 
manufacturing and distributing program unless it is certain that adequate patent 
protection will be obtained. 


Pfizer’s petition was granted April 12, 1950, and on June 20, 1950, 
Pfizer was notified that a patent would be allowed on the applica- 
tion.24 The Terramycin patent (No. 2,516,080) was issued on July 
18, 1950, and assigned to Chas, Pfizer & Co., Inc. However, market- 
ing of Terramycin was commenced by Pfizer as early as April 1, 1950.75 

By November of 1953, largely as a result of what has been termed 
“an mazing coincidental discovery of the same substance,” 7° four 
different pharmaceutical houses had filed patent applications on the 
product which became the fourth and most important broad spectrum 
antibiotic, tertcycline. These four companies were Chas. Pfizer & 
Co., Inc.; American Cyanamid Co.; Bristol Laboratories, Inc.; and 
the evden Chemical Corp. The importance of this ntiing for 
broad spectrum antibiotics producers was indicated by John E. Me- 
Keen, president of Chas. Pfizer & Co., Inc., in an address before a 
group of security analysts, in which he was quoted as stating, “It 
is difficult to say how long it will be before the tetracycline difficulty 
is resolved, and in the interim other companies may come in. But 
if the patent accrues to us ... we will make very determined ob- 
jections to entry of other firms than those presently in the field.” ?” 


21 Rules of Practice of the U. S. Patent Office, September 1955, Rule 102. 

22 Affidavit dated February 20, 1950, executed by John E. McKeen, president of Chas. 
Pfizer & Co. This affidavit is included in the patent file of U. S. Patent No. 2.516, 080, 
“Terramycin and Its Production.” As a result of special treatment afforded Pfizer’s Terra- 
mycin application, only a little over 7 months was required from the date of application 
until the date of issuance of this patent, compared with 314 years required for issuance of 
the average patent. 

2U. S. Patent File No. 2.516.080, ‘“‘Terramycin and Its Production,” affidavit dated 
February 20, 1950, executed by John E. McKeen, president of Chas. Pfizer & Co., Ine. 

74U. S. Patent File No. 2,516,080, Notice of Allowance, dated June 20, 1950. | 

2 WTC data request, 1956. at 

** Harry F. Dowling, ‘“‘Tetracycline,’? Medical Encyclopedia, Inc., New York, 1955, p. 7. 

77 Drug Trade News, Feb. 15, 1954. Since the first tetracycline interference (settled 
in January 1954) involved only Pfizer and Cyanamid, apparently Mr. McKeen’s reference 
to “those presently in the field” meant Pfizer and Cyanamid. 
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- After purchasing the antibiotic interests of Heyden Chemical 
Corp.,”* including Heyden’s tetracycline patent application, American 
Cyanamid agreed to a cross-licensing procedure with Chas. Pfizer 
& Co. “whereby no matter which got the patent they would both 
manufacture tetracycline.” ** Since Pfizer owned the Terramycin 
product patent and Cyanamid the Aureomycin product patent, and 
neither had granted licenses to make and sell either product, it was 
possible that control of the production and distribution of broad 
spectrum antibiotics could be maintained by Pfizer and Cyanamid, 
along with Parke, Davis, if either Pfizer or Cyanamid could acquire 
the tetracycline product patent. The facts relating to issuance of 
the tetracycline product patent, subsequent litigation, and its settle- 
ment by licensing are considered in a later section of this chapter. 
Erythromycin 

United States Patent No. 2,693,899, which discloses the product 
erythromycin, is owned by Eli Lilly & Co. This patent was issued on 
September 29, 1953, title passing immediately to Eli Lilly & Co. as 
assignee of the inventor. Erythromycin is not a broad spectrum anti- 
biotic, but its annual dollar sales are approximately equal to annual 
dollar sales of chloramphenicol and chlortetracycline( for medicinal 
purposes). 
_ Two companies, Abbott Laboratories and The Upjohn Co., are 
licensed under the product patent. They are entitled to licenses under 
all erythromycin patents obtained on applications filed prior to July 
18, 1957 (relating to antibiotic cultures known on July 18, 1952), 
under provisions of a very extensive cross-licensing arrangement 
among Lilly, Abbott, and Upjohn dating back to the World War II 
penicillin synthesis research program sponsored by the Office of Scien- 
tific Research and Development. (Parke, Davis participated in this 
arrangement for a time, but dropped out prior to the end of 1948.) 
Cross-licensing between the three was originally restricted to patents 
obtained on penicillin, streptomycin, and streptothricin. On August 
31, 1948, they agreed “to exchange information resulting from their 
joint and several research projects relating to all antibiotic sub- 
stances * * *,”30 A’ further provision of this agreement was as 
follows: 


Each party hereby grants to each of the other parties hereto a nonexclusive, 
irrevocable, nonassignable, and royalty-free license under any and all United 


28 Chemical Week, vol. 73, November 14, 1953, p. 15. 

22 Drug Trade News, March 15, 1954. 

30 Agreement dated August 31, 1948, between Abbott Laboratories, Eli Lilly & Co., and 
The Upjohn Co., and supplied to the Federal Trade Commission in response to FITC data 
request, 1956. Quotations from this agreement appearing hereinafter in this chapter 
are from this source. 
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States or foreign patents which any party does now or may hereafter own or 
control or have the right to grant licenses under, on penicillin, streptomycin, 
streptothricin, and any and all other antibiotic substances. 

This agreement applied to all patent applications filed prior to 
July 18, 1957, involving antibiotic material “based on or resulting - 
from information known or cultures existing on July 18, 1952.” Since 
cultures of micro-organisms which produce erythromycin were known 
by Lilly to exist prior to July 18, 1952, Upjohn and Abbott were en- 
titled to licenses under all patents resulting from applications pertain- 
ing to erythromycin filed by Lilly prior to July 18, 1957. Conversely, 
under the agreement Lilly is entitled to licenses under all patents ob- 
tained from applications filed by Abbott and Upjohn during the pre- 
scribed period. Except for these licenses each party was to maintain 
individual control over all patents owned by such party, with an ex- 
press proviso that “no party in so controlling its said patents shall 
refuse to grant licenses * * * to qualified applicants (not parties 
hereto) upon reasonable terms, nor shall any such parties so control 
such patents in violation of law.” 

Erythromycin has been reported to be one of the most effective anti- 
biotics presently known for combating staphylococcal infection. It 
was further reported that the micro-organism causing this infection 
has become increasingly resistant to penicillin, streptomycin, and the 
tetracyclines. Thus, erythromycin is useful in combating disease- 
causing micro-organisms against which the penicillins, streptomycins, 
and tetracyclines are ineffective.** Moreover, it is said to be competi- 
tive with other antibiotics to a considerable extent. 


Patent Ownership in the Antibiotics Industry 


In foregoing sections of this chapter the importance of patents dis- 
closing specific antibiotic products, for example, tetracycline and 
chlortetracycline, has been indicated. As of 1956, the 11 principal 
corporate producers of antibiotics owned over 500 antibiotic patents 
(exclusive of antibiotics in combination with other drugs). (See 
table 63.) 

31 Henry Welch, Principles and Practices of Antibiotic Therapy, Medical Encyclopedia, 
Ine., Blakiston Co., New York; 1954, p. 169. Dr. Welch states at p. 172: “Of 30 strains 


of staphylococcus, 25 of which were resistant to penicillin, streptomycin, and the broad 
spectrum antibiotics, all were found to be sensitive to erythromycin.” 
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TABLE 63.—Antibiotics patents acquired by the United States and 11 principal 
corporate producers of antibiotics: 1942 to 1956 


Streptomycin Broad spectrum 
Name of patent owner Total | Pent- | and dihydro- Erythro- | Other ! 
cillin |streptomycin mycin 
ip C O Chlor 

EMD DOG nee see. ene ee 10 5 I ile PMT nate i al PRONG ek SS ae 1 2 
American Cyanamid__-_-_-- 60 15 4 9 Geib eels SoA NOEL outa ret oo 16 
American Home Products. 29 15 Tae cas a a AEDT 4A eh DCA bo Pte 9k 10 
Bristol Laboratories - ---_- 50 38 8 Ae eee a a Ro ga eles Stee i Wal fad pra 
Commercial Solvents___._- 48 25 Li ens eb (a so ea Ts a re ceed 19 
gt ES ere 67 60 2k Rees eee eee 1 Sate ae lees 
"LETC ee dee Spin ale a le lll 68 Nea | ee ree | ea ce [ae cee er A ies | Vee eae 8 
Olin: Mathieson-...2_..--2 40 15 SS) |e ee | eee eae oe Geeta cel ete be Bee ee ae ad a a 
Bene, AVIS = 2.5555. 42 Greate a eee ee Se ne oe BOF |e Senos 1 
RV AS REG Se oes ea 40 5 20 nN ees eg Dil ieee a SSeS ame nt oe 1l 
Aeoy Olea: Wess See 2 10 Fo Sree | a eg BSA Paha He > oh os Mahl fa tice aap 8 
Wnited Statesscs 222.222 34 (OEE eee a aa oe noe eel (hee (Age ere es | AGE ee coe See Oe ee 25 
poate ee eee! 551 271 100 14 16 3 36 | 4 107 


Abbreviations: —T—tetracycline, C—chlortetracycline, O—oxytetracycline, Chlor.—chloramphenicol. 


1 Includes bacitracin, neomycin, tyrothricin, viomycin, polymyxin, actidione, fumagillin, carbomycin, 
anisomycin, cycloserine, olean jomycin, patul'n, thioaur'n, acetopyrrothine, ntropsin, subtil'n, grama- 
cidin, aureotracin, mycosubtilin, actinomycin, prodigiosin, ascos.n, endomye.n, grisein, c-rculin, cyclo- 
heéximide. 

Source: Patent Office classification files. 


Approximately 50 percent of all patents owned by the 11 principal 
manufacturers of antibiotics relating to these products concern peni- 
cillin or processes for its production. Each of the 11 principal manu- 
facturers of antibiotics owns penicillin patents, though the number 
of such patents held by the various companies varies widely. Merck 
owns the greatest number, 68, followed by Lilly with 60, Bristol with 
38, American Cyanamid, American Home Products and Olin Mathie- 
son with 15 each, and Upjohn with 10. Each of the remaining com- 
panies specified in table 63 own less than 10 patents with penicillin as 
subject matter. 

One example will serve to illustrate the manner in which patenting 
developed among manufacturers of penicillin. During the early 
stages of commercia] marketing of penicillin, great difficulty was 
encountered in administration of this drug, since in its natural state 
penicillin is quickly excreted. Eventually, scientists discovered that 
penicillin, when reacted with another chemical known as “procaine,” 
remained present and active in the blood stream for much longer 
periods of time than had been the case with any previously known 
methods of administration. A dominant patent was obtained in July 
1950 by Eli Lilly & Co. on the composition product “Procaine Peni- 
cillin and Therapeutic Compositions.” Thereafter no procaine peni- 
cillin salts could be produced or sold by competitors of Lilly without 
a license from Lilly. Since Lilly’s procaine penicillin patent was 
issued, 16 additional procaine penicillin patents have been assigned 
to the pharmaceutical houses listed in table 64. 
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As indicated in table 63, the streptomycin-dihydrostreptomycin 
patent situation is similar to that of penicillin from the standpoint 
of distribution of ownership. Streptomycin patent ownership is 
somewhat more concentrated, Merck owning 35 and Pfizer 20 out of 
a total of 100 patents on these two antibiotics. Merck and Pfizer 
account for a greater portion of total streptomycin-dihydrostrepto- 
mycin sales than do any of the other patent owners. 

Each of the 11 principal pharmaceutical houses producing anti- 
biotics owns patents relating to penicillin; all of them except Parke, 
Davis & Co. own patents on either streptomycin or dihydrostrepto- 
mycin. A different situation prevails with respect to ownership of 
patents relating to broad spectrum antibiotics and erythromycin. 

A case in point is oxytetracycline, known generally by its trademark 
Terramycin.*? Only three patents with this antibiotic as subject 
matter have been issued, compared with 271 penicillin patents and 
100 streptomycin or dihydrostreptomycin patents. All three Terra- 
mycin patents are owned by Pfizer. Medicinal Terramycin sales, 
measured in dollars, were much greater than total medicinal strep- 
tomycin and dihydrostreptomycin sales in 1956, and were half as 
much as medicinal penicillin sales in that year. 


TABLE 64.—Ownership of patents relating to the procaine penicillin, salt and 
compositions thereof 





Patent No. Title Assigned to— Date of 
issuance 

2, 528, 174 

bos’ 176 |fProcaine salts of biosynthetic penicillin... Dy ieee Sats Oct. 31, 1950 

2, 528, 177 

2, 643, 251 | Precipitation of fine particle procaine penicillin G_| Bristo]__..-------------- June 23, 1953 

2, 676, 961 | Procaine penicillin preparation_....-_.......-._-- Phy oteetoal Chemi- | Apr. 27, 1954 

cal.! 

2, 694,665 | Procaine penicillin G composition...._.....-.---- Uipjenm: 2 W..-e.2.s-2= Nov. 16, 1954 
j = 5 

2, a ne ‘ Preparation of habit-modified procaine penicillin_ ee Home Prada 

2, 725, 336 | Preparation containing modified procaine pen- | Pfizer._......-....------ Nov. 29, 1955 

icillin erystals and process for preparing such 
crystals. 

z eo 892 | Preparation of progine penicillin___.__- Peg ote COs cone eee Dec. 20, 1955 

, 734, 845 }\ Aqueous suspension of procaine penicillin and 

2 734, 846 |} deid salt of antihistamine. Schenley---------------- Feb. 14, 1956 

2730 O9SE | Se TOCaINe Pelt Cl asta kes oe oe oe et eee oe INDEn OKs Sor a=: acces ames Mar. 20, 1956 

2, 739, 962 | Production of crystalline procaine penicillin___._- Commercial Solvents_...| Mar. 27, 1956 

2, 749, 274 | Stable aqueous procaine penicillin suspension....} Bristol....-.--.......--- June 5, 1956 


1This patent subsequently assigned to Union Carbide Corp. 


Chlortetracycline, commonly known by its trademark, Aureo- 
mycin,® is manufactured and sold as such by only one pharmaceutical 
house, American Cyanamid Co. All 16 patents relating to this anti- 
biotic, including a patent on the product itself, are owned by Cy- 
anamid. 

%2 Terramycin is the registered trademark of Chas. Pfizer & Co., Ine. 


33 Aureomycin is the registered trademark of Lederle Laboratories Division of American 
Cyanamid Co. 
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There are 36 patents, including a product patent, covering Chloro- 
mycetin.** All except one of these patents are owned by Parke, Davis 
& Co. 

The fourth and most important broad spectrum antibiotic, indeed, 
the most important of all antibiotics at the present time, if measured 
in terms of dollar sales, is tetracycline. As of September 1956, 14 
patents relating to tetracycline and its production had been issued. 
The most important, covering the product itself, is owned by Pfizer. 
Additional patents on processes and on compounds are owned by 
Cyanamid (9) and Bristol (4). None are owned by Olin Mathieson 
and Upjohn, which, as heretofore noted, are licensees under the tetra- 
cycline product patent. 

Erythromycin sales in recent years have ranked along with those 
of chlortetracycline (Aureomycin), and chloramphenicol (Chloromy- 
cetin). Only four patents relating to erythromycin have been issued, 
three of which, including the product patent, are owned by Lilly. 
The fourth patent is owned by Abbott Laboratories. Two licenses 
to manufacture, use, and sell erythromycin have been granted by Lilly, 
one to Abbott Laboratories, the other to Upjohn. 


Patent Licensing in the Antibiotics Industry 


In a previous section of this chapter, entitled “Product Patents in 
the Antibiotics Industry,” the licensing of some of the most important 
antibiotic product patents has been discussed. Particular attention 
has been given to the licensing of product patents covering strepto- 
mycin, dihydrostreptomycin, chloramphenicol (Chloromycetin), 
chlortetracycline (Aureomycin), oxytetracycline > tetra- 
eycline, and erythromycin. 

In the present section it is proposed to discuss somewhat more gen- 
eral licensing arrangements in the antibiotics industry, extending to 
patents covering antibiotic processes, compositions, and improvements 
thereon, as well as certain additional product patents. 

As has been described, the Lilly, Abbott, and Upjohn agreement 
which commenced during World War II provided for reciprocal 
licensing under all antibiotics patents obtained from patent appli- 
cations filed prior to July 18, 1957, relating to information known on 
cultures existing as of July 18, 1952. Information as to patent owner- 
ship submitted to the Federal Trade Commission by these three com- 
panies in September 1956, plus data compiled by the Commission 
through a search of Patent Office classification files subsequent to 
receipt of information from the companies, indicate that the three 
companies own a total of at least 97 patents related to antibiotic sub- 
stances. Of the total, Lilly owns at least 67 of these patents; Up- 


*% Chloromycetin is the registered trademark of Parke, Davis & Co. 
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john owned about 20: and Abbott at least 10. (See table 63, this 
chapter, for classification of these patents by product.) Under terms 
of the agreement, each of the companies is entitled to licenses under 
patents held by the other two companies. 

Apart from its agreement with Abbott and Upjohn, Eli Lilly & 
Co., Inc., has executed a cross-licensing agreement with Biochemie 
G. m. b. H., an Austrian company, by terms of which Lilly is ex- 
clusive licensee with the right to grant sublicenses under specified Bio- 
chemie patents in certain countries, including the United States.%* 
These Biochemie patents cover processes for production of phenoxy- 
methyl penicillin and also contain certain product claims. Lilly owns 
the phenoxymethy] product patent in the United States. This patent 
was issued to Lilly in 1951. Only one company, Wyeth Laboratories 
(American Home Products Corp.), has been licensed by Lilly under 
these phenoxymethyl penicillin patents, so far as is known. Abbott 
and Upjohn would appear to be entitled to licenses under these 
patents as a consequence of the Abbott-Upjohn-Lilly cross-licensing 
agreement, although Lilly and Wyeth are the only companies pres- 
ently marketing phenoxymethy] penicillin, as such. 

A substantial block of antibiotics patents, numbering at least 34, 
is owned by the United States Government. These patents are the 
result of research activities by the various Federal agencies. Royalty- 
free licenses under any or all of these patents may be obtained by 
any qualified applicant in the United States. One of these patents 
discloses bacitracin,*® preparations of which are marketed by several 
manufacturers of antibiotics. However, this product is primarily 
useful for nonprescription ointment preparations, and is used only 
to a limited extent for internal treatment. 

Certain of these patents, which disclose processes for the produc- 
tion of penicillin, and which are based upon discoveries made by 
Dr. Andrew W. Moyer in the early 1940’s, are of great importance.* 
Among the inventions covered by these patents is the use of corn- 
steep liquor as a nutrient medium in the fermentation of penicillin— 
a discovery which greatly increased yields of penicillin. 

Although Dr. Moyer was obligated by the terms of his employment 
contract with the Department of Agriculture to assign all of his 
domestic patent rights to the United States Government, various 
foreign patents corresponding to the United States patents were ob- 
tained. Dr. Moyer retained foreign patent rights to his inventions. 
Commercial Solvents Corp., Merck & Co., and Squibb Division of 
Olin Mathieson Chemical Corp. negotiated an agreement empower- 
ing Commercial Solvents to purchase them from Dr. Moyer. Merck 

%S FTC data request, 1956. 


U.S. Patent No. 2,498,165. 
7 U.S. Patents Nos. 2,442,141, 2,443,989, and 2,476,107. 


PATENT OWNERSHIP AND LICENSING IN ANTIBIOTICS INDUSTRY 239 


and Squibb each agreed to reimburse Commercial Solvents in an 
amount equal to one-third of the purchase price, so long as it did 
not exceed a specified amount, in return for Commercial Solvents’ 
agreement to license Merck and Squibb under the foreign patents 
after acquiring title to them.*® 

Patents owned by research foundations, such as the Rutgers Re- 
search and Endowment Foundation, have been licensed to qualified 
applicants in return for payment of specified royalties. And there 
are various instances of domestic licensing arrangements relating to 
a particular product or process patent between or among two or more 
manufacturers of antibiotics. These agreements do not involve any 
features not covered in this discussion, however, and are not regarded 
as of sufficient importance to warrant consideration of each individual 
licensing agreement. 


Many licenses under antibiotics patents have been obtained as a 
result of negotiated agreements settling interferences in the Patent 
Office. An interference is a proceeding instituted in the Patent Office 
to determine priority of invention where two or more parties claim 
substantially the same invention. The purpose of the interference 
is to determine which applicant did, in fact, first make the invention.*® 

Seventy interferences were declared relating to antibiotics patents 
issued prior to September 1956, to which one or more of the 11 manu- 
facturers of antibiotics listed in table 63 was a party.*° Fifty of these 
were settled by negotiated agreements among the parties involving 
concessions of priority to one of the parties in return for that party’s 
promise to license the other parties under any patent eventually 
obtained.** Table 65 classifies these 50 interference settlement agree- 
ments by type of antibiotic. 


% Agreement dated September 28, 1948, between Commercial Solvents Corp., Merck & Co., 
and Squibb (now Squibb Division of Olin Mathieson Chemical Corp.), submitted to the 
Federal Trade Commission in response to FTC data request, 1956. 

29 There are two principal methods of arriving at such a determination: (1) after argu- 
ments before an official of the Patent Office known as an interference examiner, and after 
his consideration of all evidence submitted by the parties in support of their contentions, 
the interference examiner can make a finding of fact and award the patent claim to the 
party which he finds to be the prior inventor. If this oecurs, the other parties are ex- 
cluded from practicing the invention after the patent is issued, unless they successfully 
appeal] the interference examiner’s decision; (2) the parties placed in the interference can 
formally concede priority of invention to one of the other parties by filing a written conces- 
sion with the interference examiner. Normally the price for a concession of priority by 
one party to an interference is an agreement by the opponent to grant a license at reason- 
able royalty when and if he obtains a patent on the invention. A similar result is attained 
where one party to an interference states in writing that he abandons his application, or 
files a written disclaimer. U.S. Patent Office Rules of Practice, September 1955, Rule 261, 
et. seq. 

40 Information as to the total number of interferences involving antibiotics patents was 
obtained from the files of all antibiotics patents issued prior to September 1956 to the 11 
pharmaceutical houses listed in table 63. Atl information in these files relating to inter- 
ferences was then correlated to eliminate duplication. 

41 Settlement agreements of 50 interference proceedings submitted by the 11 corporate 
manufacturers listed in table 63 in response to FTC data request, 1956. 
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TABLE 65.—Interference settlement agreements classified by type of antibiotic: 
1943 to 1956 


Antibiotic Interferences | Patents issued 
settled to 11 companies 
PeniciMbices. 2.8. scales eee ae eee eee ek eee toe 35 262 
SUT OP CO MV CLI 2k ce Ls ce ene ee ee ere re eter nate ees cen oe eat er eee 5 \ 100 
Dihydrostreptomiy cineh-22.- 56 -2e aa. oe Se et oe Se ee ee ee ee 1 
TROtPAGV CHING: s 2522-2 Sens fa oe ee ce ee ee ee ae ies ees mee 1 14 
Omytetnacy chine: Os cc2i4 saab ees ie a eee 0 3 
C@hiortetracyeinots 222.4 os oe case ee eee ee eee ea eee ee 0 16 
@hloramphenicol< 2ss2s552: Dace ee aoe ee eee 0 36 
EY GHPOMMY CIN soc Sooo cae Sooner a ee ne Sete eee em eee ont teaes 0 4 
OtheR es Ses es st oe eas eee oe ees Se a ce ere oe 8 82 
MNOtalenscseo Airc te sock Sees ie Sek dl te EE Le Se een ae ae 50 ola 


Thirty-five interferences involving penicillin have been settled by 
negotiated agreement. Many of these agreements contain provisions 
similar to those of the dihydrostreptomycin interference settlement 
agreement, which will be described later in this chapter. At first 
glance it may appear curious that so many more interferences have 
been settled involving penicillin than any other antibiotic. This is no 
doubt due in part to the fact that there are far more issued patents re- 
lating to penicillin than any other antibiotic. Table 63 shows that al- 
most 50 percent of all patents owned by the 11 corporations covered in 
this analysis are penicillin patents. All of these corporations have had 
applications on file for penicillin patents, which increased the likeli- 
hood of conflicting claims to the same penicillin inventions. 

An important illustration of licensing in the penicillin field resulting 
from interference settlement agreements is procaine penicillin. As de- 
scribed in greater detail later in this chapter, five different applicants— 
Merck, Pfizer, Lilly, Bristol, and Dr. Simon L. Ruskin—owned patent 
applications on procaine penicillin. After an interference was de- 
clared among these applications, and after one party, Dr. Simon L. 
Ruskin, was eliminated from the interference, Merck, Pfizer, and 
Bristol conceded priority to Lilly, receiving in return licenses under 
the patent, which was issued July 18, 1950. Cutter Laboratories also 
received a license from Lilly following Cutter’s concession of priority 
in another interference proceeding. In addition, Abbott and Upjohn 
obtained licenses under Lilly’s patent, possibly as a result of the com- 
prehensive cross-licensing arrangement among these companies here- 
tofore described. Three companies—Heyden, Baker, and Schenley— 
obtained licenses following the settlement of patent infringement 
suits brought by Lilly. Five other companies—Cyanamid, Squibb, 
Wyeth, Commercial Solvents Corp., and Parke, Davis—have also been 
licensed under Lilly’s procaine penicillin patent, 

_Only three licenses have been granted under the benzathine peni- 
cillin product patent owned by Wyeth. All three licenses were the 
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result of interference settlement agreements among Wyeth, Pfizer, 
Bristol, and Lilly. 

There have been no interferences relating to oxytetracycline (Terra- 
mycin), chlortetracycline (Aureomycin), chloramphenicol (Chloro- 
mycetin), and erythromycin because, so far as is known, no conflicting 
patent applications have been pending regarding these four antibi- 
otics. Tetracycline patent applications have been in two interfer- 
ences, one of which was settled by cross-licensing and concession of 
priority, the other of which was dissolved by the patent examiner on 
his own motion. ‘These two interferences are discussed in a later sec- 
tion of this chapter. 

Five interferences involving streptomycin patent applications have 
been settled by negotiated agreements. Al of these are similar in their 
provisions to the dihydrostreptomycin agreement discussed below. 
Priority of invention to the product dihydrostreptomycin was the 
subject of an interference between Merck & Co., Squibb Division of 
Olin Mathieson Chemical Corp., and Parke, Davis & Co. Following 
declaration of this interference, the three parties agreed on March 22, . 
1948, to furnish to each other all evidence relevant to the issue of pri- 
erity of invention, rather than continue the proceeding before the Pat- 
tent Office interference examiner.** ‘The agreement provided that if, 
after examination of all the evidence by their attorneys, they were un- 
able to agree which party was, in fact, the first inventor, then a stipu- 
lated statement of facts would be presented to the Patent Office for 
decision solely on the issue of priority of invention. In the event 
controversies arose among the three relating to other issues than 
priority of invention, arbitration procedures were agreed upon. 

Following decision of the question which party first invented di- 
hydrostreptomycin, the losing parties were to concede priority in the 
Patent Office, receiving licenses in return to make, use, and sell di- 
hydrostreptomycin from the ultimately successful patentee. The 
licensees agreed to pay to the patentee a royalty based upon a percent- 
age of their net sales of dihydrostreptomycin. The reason for special 
attention to this dihydrostreptomycin interference settlement is, as 
stated above, that it is similar in its provisions to many of the 50 inter- 
ference settlement agreements submitted to the Federal Trade Com- 
‘mission by the corporations replying to the 1956 FTC data request. 

The 50 interferences settled by negotiated agreements along the lines 
of the dihydrostreptomycin agreement described above constitute 71 
percent of all interferences declared prior to September 1956 involv- 
ing antibiotic patent applications owned by 11 leading corporate 
manufacturers of antibiotics. Considerations of time and expense are 


“ia Agreement dated March 22, 1948, submitted by Merck & Co., to the Federal Trade 
Commission in response to FTC data request, 1956, 
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frequently important factors in the settlement of interferences. <Ac- 
cording to one authority, “cases continue to arise where by reason of 
one or more interferences and related court proceedings—a patent 
issues long after its filing date and even after the patent would have 
expired if issued in normal course.” # 

Before rejecting a rival’s offer to negotiate an interference settle- 
ment, a patent applicant is likely to consider the probability that a 
rival who foresees defeat in an interference will, rather than be ex- 
cluded entirely from practicing the invention, attempt to convince the 
examiner that the invention itself is unpatentable. In Patent Office 
terminology, the opponent may move to dissolve the interference on 
grounds of the unpatentability of the invention. Ina survey reported 
by Mr. P. J. Federico, examiner in chief of the Patent Office, motions 
to dissolve on grounds of unpatentability were made in 31 out of 100 
interferences surveyed. Mr. Federico states, “These motions were 
successful in whole or in part in 42 percent of the interferences in 
which they were brought.” * 

Factors of time and expense, and the possibility of motions to dis- 
solve on grounds of unpatentability, have doubtless been of some in- 
fluence in motivating settlement agreements of some of the antibiotic 
interferences. 


Significant Patent Litigation 


Procaine penicillin 


Litigation over patent rights relating to procaine penicillin has 
been characterized by two distinct aspects: (1) a conflict arising out 
of claims by five separate parties to patent rights covering this prod- 
uct, in which the principal issue was priority of invention among the 
five applicants; (2) infringement suits brought to prevent unlicensed 
manufacturers from producing, using, and selling procaine penicil- 
hn. The importance of patent rights to this product becomes apparent 
when it is realized that procaine penicillin has represented about two- 
thirds of total] penicillin production since 1950. 

The initial patent on this product, United States Patent 2,515,898, 
was issued to Eli Lilly & Co., Inc., on July 18,1950. Prior to this date 
Lilly’s patent application had been involved in Interference No. 83786, 
declared March 23, 1949, with four other applications relating to pro- 
caine penicillin. These were owned by: Chas. Pfizer & Co., Inc.; 

42 George E. Frost, “The Patent System in the Modern Economy,” Study No. 2, Subcom- 
mittee on Patents, Trademarks, and Copyrights of the Committee on the Judiciary, U. S. 
Senate, 84th Cong., 2d sess.. pp. 66-67. 

48P. J. Federico, ‘‘Opposition and Revocation Proceedings in Patent Cases,’ Study No. 4, 


the Subcommittee on Patents, Trademarks, and Copyrights, U. S. Senate Committee on the 
Judiciary, Government Printing Office, 1957, p. 14. 
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Merck & Co., Inc.; Bristol Laboratories, Inc.; and Dr. Simon L. 
Ruskin, a New York physician. 

As a result of motions by Bristol, Pfizer, and Lilly, Dr. Ruskin was 
eliminated from this interference late in 1949. However, on October 
31, 1949, Dr. Ruskin petitioned the Commissioner of Patents asking 
to be restored to the interference. Following a hearing on March 238, 
1950, Dr. Ruskin was finally eliminated from this interference. 

Prior to this date, Lilly, Bristol, and Merck had agreed to settle 
-among themselves their own conflicting claims to inventorship of pro- 
caine penicillin. The provisions of this agreement were to become ef- 
fective “when and if Ruskin is finally eliminated from said interference 
by any means.” “4 

In suceeding paragraphs of this agreement, Merck and Bristol each 
agreed to assign its domestic patent application ® covering procaine 
penicillin, and “all corresponding foreign patents and pending patent 
applications” to Lilly.*® Earlier, in 1948, Pfizer and Lilly had ex- 
ecuted a similar agreement, though this earlier agreement contained 
royalty-sharing provisions not present in the Lilly-Merck-Bristol 
agreement of March 22, 1950, nor did it make any reference to Dr. 
Ruskin’s application. The Lilly-Pfizer agreement was not to become 
effective until settlement was reached between Lilly, Merck, and Bris- 
tol, however.*? 

Attorneys for Merck, Bristol, and Lilly were to decide which patent 
applications were to be further prosecuted by Lilly. All parties to the 
March 1950 agreement, and in addition Pfizer, were to be licensed by 
Lilly under specified foreign patents and under future domestic and 
foreign patents resulting from patent applications subject to the 
agreement. 

After obtaining the procaine penicillin patent in July 1950, Lilly 
instituted suit against three unlicensed competitors which were making 
and selling procaine penicillin: Schenley Laboratories, Inc., Heyden 
Chemical Corp., and J. T. Baker Chemical Co. On May 14, 1953, 
Lilly obtained a judgment against Schenley in the United States 
District Court for the Southern District of Indiana, the court hold- 
ing Lilly’s patent to be valid and infringed.** On January 14, 1954, 
Lilly’s suit against Heyden was settled by agreement, Heyden receiv- 
ing a license in return for payment of a specified royalty.* 

On February 26, 1954, a settlement was reached between Lilly and 
Schenley. Schenley was granted a license in consideration of Schen- 





4 WTC data request, 1956. 
46 Merck Application Serial No. 791,158, filed December 11, 1947; Bristol Application 
Serial No. 782,466, filed October 27, 1947. 
- 46WTC data request, 1956. 
47 Thid. 
8 HU Lilly & Co. v. Schenley Laboratories Inc., 112 F. Supp. 296 (S. D. Ind. 1958). 
49HTC data request, 1956. 
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ley’s agreement not to appeal from the District Court decision, and 
in return for payment of a specified percentage royalty by Schenley 
to Lilly.®° 

The suit against J. T. Baker Chemical Corp. was settled by agree- 
ment dated June 30, 1956, on a basis similar to the earlier Lilly- 
Heyden settlement described above.* 

Meanwhile, Dr. Ruskin, following his final elimination from the 
interference early in 1950, had continued his efforts to obtain a patent 
on procaine penicillin by ex parte prosecution of his application before 
the Patent Office. On September 27, 1950, Eli Lilly & Co, petitioned 
the Commissioner of Patents to institute public use proceedings to 
bar Dr. Ruskin from receiving a patent on procaine penicillin. It 
was claimed by Lilly that public use and public knowledge of procaine 
penicillin in 1943 and 1944 barred Dr. Ruskin’s claims to procaine 
penicillin (based upon his 1945 patent application). After 4 years 
of testimony and arguments, it was decided by the Patent Office early 
in 1954 that no public use proceedings should be instituted against 
Dr. Ruskin. 

On April 27, 1954, United States Patent 2,676,961, “Procaine- 
Penicillin Preparation,” containing the claim “procaine salt of peni- 
cillin” was issued to Dr. Ruskin. On the same day Eli Lilly & Co. 
filed a civil action in the United States District Court for the Southern 
District of New York asking that Dr. Ruskin’s patent be declared 
“wholly invalid and void in law,” because it lacked novelty, lacked 
invention, had been in public use, and had been “granted by the United 
States Patent Office in reliance on false and fraudulent representa- 
tions made to the Patent Office by Ruskin and other persons acting 
in his behalf.” 

Each of these allegations was denied by Dr. Ruskin in his answer.* 

Dr. Ruskin filed suit against Lilly in the United States District 
Court for the Southern District of Indiana on April 27, 1954, asking 
the court to declare Lilly’s procaine penicillin patent invalid, and 
requesting that Lilly be enjoined from future infringement of Dr. 
Ruskin’s procaine penicillin patent.*4 

Another action against Lilly was filed by Dr. Ruskin on April 27, 
1954, this one in the United States District Court for the Southern 
District of New York. In his complaint, Dr. Ruskin alleged that 

60 hid. 

8! Ibid. 

52 Hli Lilly & Co. v. Simon L. Ruskin et al., Civil Action No. 92-367, U. S. District Court 
for the Southern District of New York, filed April 27, 1954. 

3 Hl Lilly & Co. v. Simon L, Ruskin et al., Civil Action No. 92-367, U. S. District Court 
for the Southern District of New York, answer filed May 3, 1954. 

54 Physiological Chemical Company, Inc. v. Eli Lilly & Co., U. S. District Court for the 
Southern District of Indiana, Indianapolis Division, No. 3714 Civil, filed April 27, 1954. 


55 Simon L. Ruskin and Physiological Chemicals Co., Inc. v. Eli Lilly & Co., Civil Action 
No. 92-374, U.S. District Court for the Southern District of New York. 
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the attempted public use proceeding by Lilly, which lasted from 1950 
to 1954, “was instituted by defendant maliciously and without prob- 
able cause and for the calculated and intended purpose of delaying or 
otherwise improperly obstructing plaintiff’s efforts to obtain patent 
protection for said procaine salt of penicillin and for the deliberate 
purpose of causing damage to plaintiffs.” °° These allegations were 
denied by Lilly in its answer to the complaint.” 

On September 30, 1954, as a result of a motion by Dr. Ruskin, Chas. 
Pfizer & Co., Inc., was added as a defendant in the New York action 
against Lilly. 

In his amended complaint, Dr. Ruskin alleged that defendants had 
conspired “* * * to file a petition in the United States Patent Office 
for the institution of a public use proceeding alleging a public use more 
than 1 year prior to the original filing of plaintiff’s application, al- 
though defendants knew at the time of the filing of such proceedings 
and continuously thereafter that there was no basis in fact for its 
instituting such a proceeding.” ® 

Each of these allegations were denied by Pfizer in its answer to Dr. 
Ruskin’s amended complaint.°® 

On February 18, 1957, after 3 years of court litigation, Dr. Ruskin 
assigned his procaine penicillin patent to the Union Carbide Corp. 
Thereafter Union Carbide Corp. initiated negotiations with Lilly 
looking toward a settlement of the Indiana infringement action, and 
in May 1957 the suit was settled. 

On May 22, 1957, Civil Action No. 92-374, Dr. Ruskin’s action 
against Lilly and Pfizer, then pending in the United States District 
Court for the Southern District of New York, was dismissed with 
prejudice upon consent of all parties to the action.© 


Tetracycline 

The tetracycline patent was issued to Chas. Pfizer & Co., Inc., on 
January 11, 1955, and on the same day this company filed infringe- 
ment suits to prevent Bristol Laboratories, Inc., Olin Mathieson 
Chemical Corp., and The Upjohn Co. from making, using, or selling 
tetracycline. Thereafter, on January 25, 1955, each of these three 
unlicensed sellers filed suit for a declaratory judgment that the tetra- 
cycline patent be held invalid. 


56 Ibid. 

5 Tbid. 

5 Simon L. Ruskin and Physiological Chemicals Co., Inc. v. Eli Lilly & Co. and Chas. 
Pfizer & Co., Civil Action No. 92-374, U. S. District Court for the Southern District of 
New York. 

59 Tbid. 

On June 3, 1954, Lilly’s infringement suit against Dr. Ruskin had been dismissed 
without prejudice upon consent of the parties thereto, presumably because the same issues 
were to be litigated in Dr. Ruskin’s action against Lilly and Pfizer which at that time had 
been pending in New York and which was dismissed on May 22, 1957, as indicated above. 
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Like procaine penicillin, in terms of sales tetracycline is an impor- 
tant antibiotic. Approximately $73 million worth of tetracycline 
was sold at the manufacturer’s level in 1956 representing almost 25 
percent of total sales of all antibiotics in that year; and tetracycline | 
sales comprised almost 50 percent of total broad spectrum antibiotics 
sold for therapeutic purposes in 1956. 

The importance attributed to the tetracycline patent by two leading 
members of the antibiotics industry, Pfizer and American Cyanamid 
Co., may be illustrated by quotation of statements made by repre- 
sentatives of these companies during the course of interference pro- 
ceeding before the Patent Office. Nine days after Interference No. 
86,861 was declared involving patent applications owned by Pfizer, 
Cyanamid, and Bristol, Pfizer filed formal notice in the Patent Office 
that it would “oppose all motions for extension of time in these pro- 
ceedings * * * the undersigned attorneys * * * desire to give ad- 
vance notice of their inability to extend the customary courtesies to 
suit the convenience of opposing counsel or of the parties they rep- 
resent.” * Reasons given by Pfizer’s attorneys for this step were 
that “the subject matter of this interference is of such immediate and 
tremendous commercial importance that every delay in the issuance of 
a patent therefore causes most substantial and irreparable injury to 
the party entitled to receive such patent.” 

During the course of this interference, Cyanamid argued: 

The development of channels of distribution, the enlargement of manufactur- 
ing facilities, and the expenditure of millions of dollars in research and develop- 


ment will be adversely affected until inventorship of the subject matter has been 
determined.” 


Pfizer filed a five-page affidavit, signed by Vice President John L. 
Davenport, stating in part: © 


It is of the utmost importance that the present interference be resolved with 
the greatest possible speed because of the extreme commercial importance of 
the subject matter involved * * *, Pfizer sales promotion, the expansion of its 
productive facilities and employment of additional labor for manufacture of the 
new antibiotic have been and will be seriously impeded by every delay encoun- 
tered in disposition of the interference. 

Most importantly * * * Cyanamid has conceded priority to Pfizer with respect 
to the product tetracycline and the process of manufacturing it by hydrogenation 
of chlortetracycline * * * the agreement between Cyanamid and Pfizer * * * 
calls for the payment of royalty * * * from the day that the patent issues * * * 
should the patent issue to Pfizer these royalties, based on the estimated current 
average volume, of Cyanamid’s sales, would be in excess of fifty thousand dollars 
($50,000) per month. Thus, Pfizer is losing more than sixteen hundred dollars 


&U. S. Patent Office Interference File No. 86,861, Paper No. 2, March 10, 1954. 
62U. S. Patent Office Interference File No. 86,861, Paper No. 10, March 80, 1954. 
6 U, S. Patent Office Interference File No. 86,861, Paper No. 28. 
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($1,600) for each day delay in the issuance of the patent to Conover who is 
believed to be the true inventor. 

Furthermore, he fears that such delay may encourage others to undertake the 
manufacture and marketing of the new antibiotic in violation of the putative 
patent rights of Pfizer, thereby causing it further irreparable damage. 


On July 19, 1954, Cyanamid stated : 


Grave injury to the commercial position of the other applicants with respect 
to the product in issue will occur if this proceeding is delayed by the extension 
of time requested. 

In a subsequent paper with respect to Bristol’s argument to the 
examiner, Cyanamid explained to the Patent Office that it “would 
rather pay royalties to a bona fide patentee than see the pharma- 
ceutical business in which it has a major interest ruined by irrespon- 
sible price cutting.” Its attorneys stated: © 

Worst of all, as the interference is delayed, the Bristol production and 
sales will undoubtedly increase in volume, and the selling price on the product 
will be lowered so that at the termination of the interference the profits 
from which research funds come, will have been reduced to nothing. When 
the interference is terminated, if Heinemann et al. are allowed to drag their 
feet and delay the proceedings, the tetracycline business may resemble the 
present penicillin situation, wherein some of the larger manufacturers have 
been forced to discontinue the manufacture of penicillin, and the others are 
making little, if any, profit. This situation is inimical to the best interests of 
the country as a whole because under the capitalistic system under which 
American business operates, a profit must be made to pay for continuing re- 
search to develop new and better antibiotics. 

Tetracycline was developed in 1952, more than 3 years after the 
other 3 broad spectrum antibiotics, oxytetracycline (Terramycin), 
chlortetracycline (Aureomycin), and chloramphenicol (Chloromy- 
cetin). After its appearance on the market, tetracycline made swift 
and deep inroads into sales of the three earlier marketed broad spec- 
trum antibiotics. 

Unlike procaine penicillin, tetracycline was not being produced by 
numerous manufacturers at the time of the issuance of the product 
patent. As has been indicated there were 14 producers of procaine 
penicillin a patent on that product issued, and all were eventually 
licensed to produce it. ‘There were 3 producers of tetracyline when 
Pfizer obtained the patent on this product. One, Cyanamid, was li- 
censed by Pfizer as a result of a cross-licensing agreement settling an 
interference in the Patent Office. The other, Bristol, was licensed in 
the course of the legal disputes set out below. Squibb and Upjohn 
were selling the product after purchasing it from Bristol and they 
received licenses from Pfizer to continue to do so. 


6 U.S. Patent Office Interference File No. 86,861, Paper No. 29, July 19, 1954. 
% U.S. Patent Office Interference File No. 86,861, Paper No. 36, August 138, 1954. 
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The origin of tetracycline—Terramycin and Aureomycin have 
closely similar medical activity and almost identical empirical 
chemical formulae.® 

They have been revealed to have chemical structure A (see chart 9) 
in common. The only difference in the chemical structures of Aureo- 
mycin and Terramycin has been shown to be the presence of a chlorine 
group at position X of the Aureomycin molecule (structure B, chart 
9), which Terramycin lacks; and the presence of a hydroxyl group 
at position Y on the Terramycin molecule (structure C, chart 9), 
which Aureomycin lacks. 

Lloyd H. Conover conceived the idea of removing the chlorine 
group present on the Aureomycin molecule by the chemical technique 
of hydrogenating Aureomycin in the presence of a metal catalyst, 
such as palladium.” 

On June 27, 1952, Conover succeeded in performing this experiment 
and produced a chemical compound having a chemical structure 
identical to that of Aureomycin without a chlorine group X, and to 
Terramycin without hydroxyl group Y.% The word “tetracycline” 
was coined in the Pfizer organization for this antibiotic.® 

On October 23, 1952, Conover, through Pfizer’s patent agent, applied 
for a patent in the United States Patent Office. 

On July 23, 1953, this application for a tetracycline patent was 
rejected by the patent examiner on the basis that the nature of 
the product, tetracycline, had been disclosed in previously granted 
patents on Terramycin and Aureomycin.” 

The first tetracycline interference.—Following the rejection, Pfizer 
redrafted the claims of the original application and substituted a 
new application on October 9, 1953 as a continuation-in-part of the 
earlier application.” 

Earlier, on March 16, 1953, inventors of Lederle Laboratories Divi- 
sion of the American Cyanamid Co., Boothe and Morton by name, 
had filed a patent application in which they claimed invention of the 
same product and the same process claimed by Conover for Pfizer. 
On December 28, 1953, Interference No. 86,799 was instituted for 
the purpose of determining which of the parties, Cyanamid or Pfizer, 
was entitled to a patent on the product tetracycline and the process 
of producing it by catalytic hydrogenation of Aureomycin.” 

6 Deposition of Lloyd H. Conover on Feb. 15, 1955, Pfizer chemist, in Civil Action No. 
98-221, U. 8S. District Court for the Southern District of New York, p. 49. 

U.S. Patent 2,699,054, “Tetracycline.” 

68 Deposition of Lloyd H. Conover, Feb. 17, 1955, supra, p. 188. 

69 Deposition of Francis X. Murphy, Sept. 21, 1955, in Civil Action No. 98—221, U. S. 
District Court, Southern District of New York, p. 104. 

7U.S. Patent File 8. N. 319,543. Office action dated July 23, 1953. 


71 U.S. Patent File No. 2,699,054, Paper No. 1. 
72U. S. Patent File No. 2,699,054, Paper No. 6. 
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CHEMICAL STRUCTURE OF TETRACYCLINE CHLORTETRACYCLINE, 
AND OXYTETRACYCLINE, 
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CHART 9. 


Source: Henry F. Dowling, Tetracycline, Medical Encyclopedia, Inc., New York, 1955, 
p. 14. 


Two weeks later, on January 11, 1954, Pfizer and Cyanamid entered 
into an agreement looking toward the amicable settlement of this 
interference. By the terms of the agreement, Cyanamid licensed 
Pfizer to produce chlortetracycline (Aureomycin) “for use solely in 
the manufacture of Tetracycline by means of the deschlorination of 
chlortetracycline so manufactured.” * For some time prior to this, 
Pfizer had considered the only “drawback” about Conover’s discovery 
to be the fact that somehow a license to make chlortetracyline (Aureo- 
mycin) under Cyanamid’s Aureomycin patent would have to be ob- 
tained from Cyanamid.* The “drawback” was thus successfully 
remedied. 

73 Agreement dated Jan. 11, 1954, between Chas. Pfizer & Co., Inc., and American Cy- 


anamid Co., p. 9, FTC data request, 1956. 
74 Deposition of Francis X. Murphy, supra, Sept. 20, 1955, pp. 56-57. 
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The agreement provided for cross-licensing of all patents covering 
tetracycline and its preparation by this process regardless of which 
party secured the patent. 

Cyanamid also agreed to furnish Pfizer its know-how (which was to 
include yields of product obtained) and to make available the cul- 
tures it then used for the production of chlortetracycline. 

The agreement assured Cyanamid the right to manufacture and 
sell tetracycline and of royalty income from Pfizer sales of tetra- 
cycline even if Pfizer were eventually to be granted a patent on tetra- 
cycline. Under the license granted by Cyanamid to Pfizer to 
manufacture chlortetracycline, Pfizer agreed to pay as royalty certain 
percentage of its domestic net sales of tetracycline to Cyanamid. | 
Were Cyanamid to get the tetracycline patent, Pfizer would be obli- 
gated to pay an additional percentage of its net sales of tetracycline. 
Conversely, if Pfizer got the patent, Cyanamid agreed to pay to Pfizer 
a percentage royalty on Cyanamid’s net sales of tetracycline; at the 
same time, however, Pfizer would be required to pay Cyanamid a 
certain percentage on Pfizer’s net sales of tetracycline. In this event, 
under the integrated Pfizer-Cyanamid agreement, no appreciable net 
amount of royalty would be payable by one to the other so long as 
net sales of tetracycline by the two companies proceeded at about the 
same level. Cyanamid was assured, however, of a specified minimum 
royalty during the years 1954-58. 

The parties agreed also to exchange “a full showing of the evidence 
determinative of priority” of invention of tetracycline with the pur- 
pose of reaching agreement as to which party could establish the 
earlier date of invention. In the event the parties were unable to 
agree on the question of priority, “then the said question of priority 
shall be submitted to the United States Patent Office on a record 
which, so far as possible, shall be stipulated, with the decision of the 
Board of Patent Interferences being accepted by the parties hereto 
as final and binding upon them without recourse to appeal.” 

Cyanamid conceded priority to Pfizer early in February 1954, which 
resulted in termination of the interference.” 

The tetracycline “salt” interference. Subsequent to the settlement 
of Interference No. 86,799, it developed that Bristol Laboratories, 
Inc., had pending an application for a patent on tetracycline hydro- 
chloride, a chemical salt of tetracycline. 

There was also pending in the Patent Office a tetracycline appli- 
cation filed in the name of P. P. Minieri, an employee of Heyden 
Chemical Corp. On November 30, 1953, Cyanamid purchased the 
Antibiotic Division of Heyden Chemical Corp., including the afore- 
mentioned tetracycline application. Although belonging to Cyanamid 


% Deposition of Francis X. Murphy, supra, Sept. 22, 1955, p. 198. 
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at the time when the first tetracycline interference between Cyanamid 
and Pfizer had been declared, the Minieri application had not been 
placed in the first interference, No. 86,799. 

On March 2, 1954, the Patent Office announced that an interference 
was found to exist between the Pfizer (Conover) application and these 
two applications.” The subject matter of this second interference, 
tetracycline hydrochloride, has the same chemical and medical actions 
and uses as tetracycline, and is administered in the same dosages as 
tetracycline.” 


On October 14, 1954, the patent examiner announced that tetra- 
cycline hydrochloride was unpatentable.”® 
The Examiner’s reasoning is set out below: 


At this point the examiner’s motion to dissolve will be taken up, since it has 
a direct bearing on Motion IX and on Motions I and VI. The interference 
count (tetracycline hydrochloride) is unpatentable over the disclosures of 
Duggar U. 8. 2,482,055, Sept. 18, 1949 (Aureomycin), and Niedercorn U. 8S. 
2,609,329, Sept. 2, 1952 (process patent on the production of Aureomycin), and 
the interference is dissolved. Duggar and Niedercorn each produce an anti- 
biotic, disclosed as ‘‘aureomycin” by a fermentation process employing Strepto- 
myces aureofaciens and mutants thereof. The antibiotic is identified as an 
antibiotic by assay against bacteria. It appears from the disclosure of Minieri 
et al. (a party to this interference in an application available to all the parties) 
that tetracycline is also produced in such a fermentation process and that 
larger proportions thereof are produced when the amount of chloride in the 
fermentation medium is low (see p. 1, lines 5 to 20 and lines 24 to 28, and pp. 
12, 16, 17, 18, and 19 of Minieri et al. S. N. 382,637). Minieri et al. clearly and 
specifically disclose that the microorganism used to prepare tetracycline belongs 
to the Duggar et al. U. S. 2,482,055 species and that “the characteristics are 
identical with those exhibited by a known culture of S. aureofaciens.” While 
neither Duggar or Niedercorn may have realized that tetracycline was in fact 
produced, they did appreciate, and disclose, that the product was an antibiotic. 
No invention is involved in the identification of the tetracycline and its hydro- 
chloride inherently produced by the reference process. (See Coe 1948 C. C. 55.) 
It has long been held that a purer form of an old product is not inventive and 
the [apparent] mixture of the prior art meets the count. (See Parke, Davis 
v. Mulford, 189 F. 95, and In re Kelrich, 96 USPQ 411.) 

Further, the patent examiner ruled that the fermentation process 
for production of tetracycline, claimed by both Cyanamid and Bris- 
tol, was unpatentable because “The recovery of an additional anti- 
biotic [tetracycline] from the broth does not confer patentable nov- 
elty on the fermentation process which evidently produced the anti- 
biotics [chlortetracycline and tetracycline] concomitantly.” * 

7%U. S. Patent Office Interference File No. 86,861, declared March 2, 1954, Paper No. 1. 

7 New and Non-official Remedies, 1956, Philadelphia, Pa.: J. B. Lippincott Co., 1956, 
~ p, 1438. 

E aa S. Patent Office Interference File No. 86,861, Paper No. 44, p. 13. 
7 See appendix IV, exhibit 2, for text of the examiner’s rejection of Pfizer’s patent 


application claims to tetracycline. 
80U, S. Patent Office Interference File No. 86,861, Paper No. 44, p. 10. 
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On November 24, 1954, the parties individually were informed 
that the product tetracycline could not be patented: “All the product 
claims, 1 to 6, are rejected as being unpatentable over each of Duggar 
and Niedercorn for the reasons set forth * * * in Interference No. 
86.80) 

Thereafter on January 5, 1955, American Cyanamid Co. formally 
canceled all product claims to tetracycline contained in its applica- 
tion.®? 

Oyanamid’s license to Bristol to make tetracycline.—As early as 

April 1954, Bristol had commenced to make and sell tetracycline. On 
September 27, 1954, Cyanamid filed suit, alleging that in manufactur- 
ing tetracycline, Bristol **— 
* * * hag been and still is infringing said Letters Patent No. 2,482,055 * * * 
by making and selling an antibiotic composition containing material disclosed 
and claimed in said Letters Patent 2,482,055, and, in manufacturing its said anti- 
biotic composition, by making said material and using processes and methods 
disclosed and claimed in said Letters Patent No. 2,482,055 * * * , 

The patent sued upon was Cyanamid’s Aureomycin patent. Bris- 
tol, however, was making and selling tetracycline. As noted above, 
the patent examiner dissolved the “salt” interference in October 1954 
because of inherent production of tetracycline along with Aureomycin 
in Cyanamid’s Patent No. 2,482,055. 

Cyanamid’s infringement suit against Bristol was settled by agree- 
ment on January 13, 1955.54 Under this agreement, Bristol was li- 
censed to make, use, and sell “a therapeutically active substance * * * 
containing tetracycline (as hereinafter defined) * * * and not more 
than six percent (6%) of chlortetracycline (as hereinafter defined ).” ® 
Bristol agreed to pay Cyanamid a percentage royalty on the net sales 
value of all tetracycline products sold by Bristol. 

On February 25, 1955, Bristol formally withdrew its patent ap- 
plication on tetracycline, which was still pending before the Patent 
Office, stating that “all product claims of the character sought in this 
application are unpatentable. * * * Accordingly, applicants expressly 
abandoned this application.” * 

Issuance of the tetracycline product patent to Pfizer—Unlike Cy- 
anamid and Bristol, Chas. Pfizer & Co., Inc., did not accept the patent 
examiner’s rejection as final but continued to prosecute its applica- 

81U. S. Patent No. 2,699,054, File Paper No. 10. See appendix IV, exhibit 2. 

82U. S. Patent Office Patent File No. 2,734,018, Record File, Paper Nos. 16 and 17. No. 
16 is dated November 24, 1954. No. 17 is dated December 6, 1954. 

83 American Cyanamid Co. v. Bristol Laboratories, Inc., Docket 5402, U. S. District Court, 
N. D.N. ¥., Sept. 29, 1954. 

8! WTC data request, 1956. 

85 Ibid. 


88U. S. Patent Office Patent Application File 8. N. 388,048, Paper No. 19, March 1, 
1955. 
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tion, by the submission of additional affidavits of Pfizer scientists to 
meet the deficiencies indicated by the patent examiner. On January 
11, 1955, U. S. Patent 2,699,054, “Tetracycline,” was issued to Lloyd 
H. Conover and assigned by him to Pfizer. 

The tetracycline patent litigation—On the day the patent was 
issued, three separate actions for infringement of the tetracycline 
patent were filed by Pfizer in the United States District Court for 
the Northern District of Georgia, naming Bristol Laboratories, Inc., 
The Upjohn Co., and Olin Mathieson Chemical Corp. as defendants.* 

On January 25, 1955 each of the three defendants in the Georgia 
actions filed an action in the United States District Court for the 
Southern District of New York, requesting a declaratory judgment 
“that neither Bristol, through its own activities, nor Squibb [Squibb is 
a division of Olin Mathieson Chemical Corp.], nor Upjohn, through 
their dealings in tetracycline and products comprising tetracycline, 
has infringed or is infringing any valid claim of Patent 2,699,054, 
or any other patent owned by Pfizer.” * 

One issue was common to all six of these legal actions: the validity 
of tetracycline product claims in U.S. Patent 2,699,054. There was 
no question that Bristol was making and selling tetracycline; nor was 
there any question that Olin Mathieson and Upjohn were buying tetra- 
cycline from Bristol and reselling it under their own trademarks 
and labels. 

On March 17, 1955, the judge in the United States District Court 
for the Northern District of Georgia, on motion of the defendants, 
ordered the three cases filed in that district transferred to the Southern 
District of New York.® Pfizer’s appeal of this order to the United 
States Court of Appeals, Fifth Circuit, was denied September 16, 
1955. 

Pfizer’s appeal of this order to the United States Court of Appeals, 
Fifth Circuit, was denied September 16, 1955. 

Meanwhile, on April 15, 1955, Pfizer filed answers and counterclaims 
in the three declaratory judgment actions. In its counterclaims, 

87 Chas. Pfizer & Co., Inc. v. Olin Mathieson Chemical Corp.; Chas Pfizer & Co., Inc. v. 
The Upjohn Co.; Chas Pfizer & Co. Inc. v. Bristol Laboratories, Inc., Civil Actions Nos. 
5082, 5083, 5084, U. S. District Court for the Northern District of Georgia, Atlanta 
Division, filed January 11, 1955. 

88 Bristol Laboratories, Inc. v. Chas. Pfizer & Co., Inc.; The Upjohn Oo. v. Chas. Pfizer & 
Co., Inc.; Olin Mathieson Chemical Corp. v. Chas. Pfizer & Co., Inc., Civil Actions Nos. 
98-221, 98-222, 98-223, U. S. District Court for the Southern District of New York, filed 
January 25, 1955. 

89 Chas. Pfizer & Co., Inc. v. Olin Mathieson Chemical Corp.; Chas. Pfizer & Co. v. The 
Upjohn Oo.; Chas. Pfizer € Co. v. Bristol Laboratories, Inc., 181 F. Supp. 21 (N. D. Ga. 
1955). 


% Chas. Pfizer & Co., v. Olin Mathieson Chemical Corp.; Chas. Pfizer &€ Co. v. The Up- 
John Oo.; Chas. Pfizer & Oo. v. Bristol Laboratories, Inc., 225 F. 2d 718 (C. A. 5, 1955). 
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Pfizer prayed for injunctions against further infringement of the. 
tetracycline patent and sought damages for infringement and treble 
damage for the “willful and wanton nature of plaintiff’s conduct,” 
as follows: 

The Upjohn Co., $10 million and $30 million treble damages; Bristol 
Laboratories, $5 million and $15 million treble damages; Olin Mathie- 
son, $2 million and $6 million treble damages.** 

In their replies to Pfizer’s counterclaims, the three plaintiffs at- 
tacked the validity of the tetracycline product claims of the patent on 
the grounds of no invention, prior use, and misrepresentation to the 
Patent Office. 

The litigation continued through the summer and fall of 1955. 
Numerous depositions were taken during this period by defendants. 
In July 1955 a “tally for Bristol Laboratories in the tetracycline dis- 
pute with Charles Pfizer & Co.” was noted by Chemical Week maga- 
zine.’ Two Bristol inventors, Joseph Lein and Alexander Goure- 
vitch, had been issued Patent No. 2,712,517 on a direct-fermentation 
process for making tetracycline. This direct process was described 
by Mr. Schwarz, president of Bristol, as “greatly increasing the yield 
[of tetracycline] over other known fermentation processes.” 9? Some 
observers predicted that this might lead to settlement of the tetracycline 
litigation by a series of cross-licensing agreements. In March 1956, 
the six tetracycline lawsuits were settled out of court by a series of 
cross-licensing and licensing agreements. 

The tetracycline settlement agreements.—Three separate agreements 
were executed on March 28, 1956, settling the six tetracycline lawsuits. 
Pfizer was a party to each of these agreements; Bristol, Olin Mathieson 
and Upjohn each was a party to only one of the agreements. Only the 
Pfizer-Bristol agreement can properly be called a “cross-licensing” 
agreement. The Pfizer-Olin Mathieson agreement and the Pfizer- 
Upjohn agreement are, in reality, merely licenses granted by Pfizer to 
Olin Mathieson and Upjohn to sell the product tetracycline. The 
agreements with Olin Mathieson and Upjohn are identical except for 
signatures and names, and will therefore be discussed together. Since 
the Pfizer-Bristol agreement differs both in substance and in detail 
from the licenses between Pfizer and Olin Mathieson and Upjohn, re- 
spectively, it will be discussed separately. 

* Bristol Laboratories, Inc. v. Chas. Pfizer & Oo., Inc., The Upjohn Oo. v. Chas. Pfizer 
& Co., Inc.; Olin Mathieson Chemical Corp. v. Chas. Pfizer & Co., Inc., Civil Actions Nos. 
98-221, 98-222, and 98-223, “Answer and Counterclaim,” filed April 15, 1955. 

* Chemical Week, vol. 77, July 16, 1955, p. 15. 


%8 Thid. 
= Ibid. 
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The Pfizer-Bristol agreement: The most important provision of this 
agreement is article IT, “Grant of Licenses and Right to Sublicense.” 
It reads as follows: 

Each party hereby grants the other, its subsidiaries and affiliates, a nonexclusive 
right and license under the licensed patents ” of the grantor, its subsidiaries and 
affiliates, to ferment or otherwise manufacture, make, compound, use and sell 
licensed products, with the right to grant sublicenses only as hereinafter set forth ; 
it being understood that the license to ferment or otherwise manufacture tetra- 
cycline outside the United States may be exercised only through the sublicenses 
provided for in paragraph 1 of this article.” 

Pursuant to the agreement, Pfizer licensed Bristol under all of the 
product claims of U.S. Patent No. 2,699,054, “Tetracycline,” “and all 
independent composition of matter claims included in patents now 
issued or hereafter issuing in other countries except Australia and 
Great Britain, to Pfizer * * * corresponding in substance to the com- 
position of matter claims of U.S. Patent No. 2,699,054 * * *.” Bristol 
was also licensed under all the claims of a designated Cuban patent 
and under four claims of a certain South African patent. 

It was agreed that each party would notify the other, in writing, of 
all patents covering— 

(a) Tetracycline; 

(6) The production of tetracycline by fermentation or other- 
wise (including the use of cultures, organisms, media, or any in- 
gredient thereof, or materials for such purpose, and the recovery 
or purification of tetracycline so produced) ; 

(c) Compositions containing tetracycline or the production of 
such compositions * * *; or 

(d) The use or administration of tetracycline or of such com- 
positions. 

Each party granted the other an option to take a license under any 
or all patents owned by each other relating to categories (a), (0), (¢), 
or (d) above. Provision was made for sublicensing under all of the 
licensed patents in all foreign countries where one or the other of 
the parties had an obligation to an existing licensee. 

Each party agreed to pay to the other, as royalty, a specified per- 
centage of the “net sales price” of tetracycline sold while any licenses 
resulting from the agreement were in effect. Because of Pfizer’s prod- 
uct patent, this meant that Bristol would be required to pay Pfizer a 
specified percentage of Bristol’s net sales of tetracycline. Pfizer would 
be obligated to pay Bristol a specified percentage of Pfizer’s net sales 

% In the agreement, ‘Licensed Patents” is defined. The term is discussed in detail in 
the following pages. 

% Agreement dated March 28, 1956, between Chas. Pfizer & Co., Inc., and Bristol Labora- 


tories, Inc., submitted to the Federal Trade Commission in response to FTC data request, 
1956. 
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only if Pfizer were to exercise its option to take a license under any 
Bristol patents relating to the subject matter described in (a), (0), (¢), 
and (d) above. It was agreed that purchasers of tetracycline in bulk 
from Bristol could either pay royalty directly to Pfizer or that such 
royalty could be paid by Bristol for its bulk customers (Olin Mathie- 
son and Upjohn). In the latter situation, royalty payable by Bristol 
would be computed on the basis of tetracycline’s “presumed sales 
value” by the bulk customers. 

On the date of the execution of this agreement, Bristol paid to 
Pfizer a liquidated sum “representing the minimum estimated royal- 
ties due to Pfizer hereunder on the operations of Bristol, its sub- 
sidiaries, affiliates, and bulk customers, during the period from Jan- 
uary 11, 1955, through December 31, 1955,” and it was agreed that, 
on or before April 30, 1956, Bristol should pay to Pfizer any excess of 
the calculated royalties on such operations over such estimated sum. 

A noncontestability clause was included in the settlement: 

Neither party shall contest the validity of any claim * * * included in licensed 
patents nor voluntarily assist others in any infringement thereof or in the defense 
of any suit brought for such infrigement. Such obligations shall not take effect 
with respect to any patent claim until it is included within the licensed patents 
and shall remain in effect until termination or cancellation of the license there- 
under. 7. 

The agreement also contained an arbitration clause for the settle- 
ment of disputes. 

The Pfizer-Olin Mathieson agreement; The Pfizer-Upjohn agree- 
ment: These two licensing agreements are essentially identical. In 
each of them, Pfizer as “licensor hereby grants to the licensee its sub- 
sidiaries and afliliates, a nonexclusive right and license under the 
licensed patent rights, to purchase, compound, and use licensed prod- 
ucts and to sell the same in the form of therapeutic tetracycline to the 
drug trade.” °* Provisions for payment of royalty by each licensee are 
detailed. Basically, Pfizer is to be paid a specified percentage of either 
the “net sales price” or the “presumed sales value” of tetracycline sold 
by each licensee. Under each licensing agreement— 

It is understood that no royalties need be paid by licensee, its subsidiaries or 
affiliates, on their sales or use of licensed products to the extent that such royal- 
ties are paid by Bristol Laboratories, Inc., a New York corporation having an 
office at 630 Fifth Avenue, New York, N. Y. * * *, 

There are other provisions in the agreements binding the lcensees 
never to contest any claim included in the licensed patent rights and 

% Agreement dated March 28, 1956, between Chas. Pfizer & Co., Inc., and The Upjohn 
Company. Agreement dated March 28, 1956, between Chas, Pfizer & Co., Inc., and Olin 


Mathieson Corp. Both agreements were submitted to the Federal Trade Commission in 
response to FTC data request, 1956. 
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binding the parties to settle by arbitration any disputes arising out of 
the agreements. 

The Pfizer-Olin Mathieson and Pfizer-Upjohn agreements are ]imit- 
ed to licensing of the tetracycline product claims of U. S. Patent 
2,699,054 owned by Pfizer. There were no cross-licensing provisions, 
and neither of the two licensees was empowered to grant any sub- 
licenses in the United States or abroad. 


CHAPTER IX 


Trademarks and Fair Trade 
in the Antibiotics Industry 


Trademarks and Trade Names 


A trademark is defined in the Federal Trademark Act of 1946 (the 
Lanham Act) as— 


* * * any word, name, symbol, or device or any combination thereof adopted 
and used by a manufacturer. or merchant to identify his goods and distinguish 
them from those manufactured or sold by others.’ 


Trade names are defined in the Lanham Act to include— 


* * * individual names and surnames, firm names and trade names used by 
manufacturers, industrialists, merchants, agriculturists, and others to identify 
their businesses, vocations, or occupations; the names or titles lawfully adopted 
and used by persons, firms, associations, corporations, companies, unions, and 
any manufacturing, industrial, commercial, agricultural, or other organizations 
engaged in trade or commerce and capable of suing and being sued in a court 
of law.’ 


Examples of trademarks which will be encountered in this chapter 
are such coined words as [lotycin, the trademark used by Eli Lilly 
& Co. to designate products containing erythromycin, and Chloro- 
mycetin, the trademark used by Parke, Davis & Co. to designate 
preducts containing chloramphenicol. Examples of trade names 
used in the antibiotics industry are Ursyonn, Asporr, and Brisrou, 
representing the Upjohn Co., Abbott Laboratories, and Bristol 
Laboratories, Inc. 

The primary function of a trademark or trade name is to identify 
a product or to identify the source or origin of that product. It is 
this identification function which has molded the law of trademarks.’ 
However, to the extent that manufacturers succeed, through adver- 
tising and promotion of their trademarked or branded products, 
in differentiating their products in the minds of consumers from 
other like or similar products manufactured by competitors, a degree 
of power in controlling sales of those products in the market is 
achieved. 

115 WSC. As 1107, 

216 US 0C, A. 11b7, 


3 Rudolph Callmann, “Trademark Infringement and Unfair Competition,’ Law and Con- 
temporary Problems, vel. 14, No. 2, spring 1949, p. 185. 
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The hope or expectation of creating such a preference for his prod- 
uct is the basis for a manufacturer’s willingness to spend large sums 
of money advertising his goods. In effect, the advertiser is striving 
to create a symbol which purchasers will recognize and to which they 
willreact. In the words of Mr. Justice Frankfurter : * 

If it is true that we live by symbols, it is no less true that we purchase goods 
by them. A trademark is a merchandising shortcut which induces a purchaser 
to select what he wants, or what he has been led to believe he wants. The 
owner of a mark exploits this human propensity by making every effort to 
impregnate the atmosphere of the market with the drawing power of a congenial 
symbol. Whatever the means employed, the aim is the same—to convey through 
the mark in the minds of potential customers the desirability of the commodity 
upon which it appears. Once this is attained, the trademark owner has some- 
thing of value. If another poaches upon the commercial magnetism of the 
symbol he has created, the owner can obtain legal redress. 


In 1943 there were no trademarks to indicate manufacturers of 
antibiotic products; there were only 2 or 3 known antibiotics, of 
which penicillin was the most important. At that time very little 
penicillin was being produced, and little or none was available for 
civilian use, all supplies going to the Armed Forces. 

By 1954 over 100 different antibiotic preparations were marketed 
under at least 550 different trademarks and trade names.° No sup- 
plemental listing of antibiotic trademarks and trade names has been 
compiled since that date, but undoubtedly there has been a numerical 
increase in antibiotic preparations, and in the trademarks and trade 
names under which they are sold. 

All clinically useful antibiotics have generic names. When sold 
commercially they are normally sold under registered trademarks, 
although some companies have marketed certain antibiotics, penicil- 
lin products for instance, under their generic names accompanied by 
the trade names of the marketing companies. The leading manufac- 
turers of antibiotics have trade names, which are registered in the 
Patent Office in the same manner as trademarks used on specific 
products. 

Vice President W. G. Malcolm, of American Cyanamid Co., stated 
on October 4, 1955, that over $20 million had been spent by his com- 
pany as of that date in advertising Aureomycin.® Vice President 
Thomas J. Winn, of Chas. Pfizer and Co., stated on August 5, 1952, 
that between January 27, 1950, and August 1952, Pfizer spent $714 
million in the advertising and promotion of Terramycin.’ 

4 Mishawaka Rubber and Woolen Mfg. Co. v. 8. 8S. Kresge Co., 316 U. S. 208, 205, 62 S, Ct. 
1022 (1942). 

5 Henry Welch, “The Manual of Antibiotics, 1954-55,’ Medical Encyclopedia, Inc., New 
York : 1954, pp. 77-82 and 83-84. 

6 Trademark Registration File No. 639,933, affidavit of W. C. Malcolm, dated October 4, 
1955. 


7 Trademark Registration File No. 577,504, affidavit by Thomas J. Winn, dated August 
5, 1952. 
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These amounts spent on advertising by Pfizer and Cyanamid, in 
their efforts to create goodwill for their respective products, indicate 
the value which trademarks may represent. 

Because the physician rather than his patient selects the antibiotic 
that will be used, advertising of antibiotics is directed to physicians 
and the retail sellers, the pharmacists. In selling their products, anti- 
biotics manufacturers direct particular attention to insuring that their 
trademarks and trade names are known to physicians and pharma- 
cists. 

The American Medical Association expressed concern during the 
late 1940’s because of the great number of penicillin trademarks in 
use. In a 1946 editorial entitled “Silly Names for Penicillin Prod- 
ucts,” the association’s Journal complained in the following terms: ® 


Instead of selling penicillin under its simple and well-known name, they 
have become downright silly and offer penicillin under so many names that 
only a professional solver of crossword puzzles could guess the nature of the 
products that these names conceal. 

The promulgators of these products and their sale are interested in wets 
their own pocketbook by trying to make certain that the prescribing physician 
will limit himself to their products. One manufacturer naively combines his 
firm name with “cillin.” There are more than 20 manufacturers. Carried to a 
logical conclusion that would give us not only “Ledercillin” but also “Squibbcil- 
lin,’ “Abbottcillin,’ ‘“Schenleycillin,”’ “Commercial Solventscillin,’ plus some 
others. 


The increasing number of trademarks and trade names used to 
designate antibiotic products led to publication in 1954 of The Manual 
of Antibiotics, an 87-page book, devoted exclusively to listing the 
trademarks and trade names under which preparations of the various 
antibiotics are sold. In the preface it is stated: 


Over the past few years the number of trade names used for antibiotic prepa- 
rations has increased tremendously. * * * Beeause of this multiplicity of trade 
names it has become practically impossible for the physician, pharmacist, and 
others engaged in the use of these drugs to remember just what the compo- 
sition of the product is from the trade names.® 


The Manual of Antibiotics is at present in process of revision to 
include the many new antibiotic preparations which have reached 
the market since its original publication. In the area of combinations 
of antibiotics alone, more than 60 new preparations have been made 
available since 1954.1° 


8 Journal of the American Medical Association, editorial, February 2, 1946, No. 130, p. 
279. Two years later, in July 1948, the Journal reiterated its objection to the penicillin 
trademark situation with the publication of an editorial announcing the existence of “More 
Silly Names for Penicillin Products,” listing 17 samples of recently marketed penicillin 
products bearing trademarks. (The Journal of the American Medical Association, editorial, 
July 17, 1948, vol, 137, p. 1043.) 

® Henry Welch, The Manual of Antibiotics, 1954-55, Medical Encyclopedia, Inec., New 
York, 1954, Preface. 

10 Henry Welch, “Further Comments on ‘Combined Therapy,” Antibiotic Medicine & Clini- 
cal Therapy, January 1957, p, 21, footnote. 
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Penicillin 

Table 66, below, lists certain trademarks under which procaine 
penicillin was sold in 1956. For purposes of preparation of this table, 
the 300,000-unit dosage form of procaine penicillin in aqueous sus- 
pension was selected. This particular dosage form of procaine pent- 
cillin is marketed by at least 23 different companies. Ten of these 
companies have individual trademarks for this product ; the remainder 
of the companies market the product under its generic name and their 
respective trade names. 

Of the 10 companies marketing procaine penicillin under trade- 
marks in 1956, 5 were original manufacturers of this product. ‘These 
companies were Squibb Division of Olin Mathieson Chemical Corp., 
Eli Lilly & Co., Bristol Laboratories, Inc., Sharp & Dohme Divi- 
sion of Merck & Co., and Wyeth Laboratories. The remaining five 
companies purchased procaine penicillin in bulk, packaged it into 
dosage forms, and resold it under their own trademarks. 


TABLE 66.—Procaine penicillin in aqueous suspension 


Trademark Company 
Sevcticillin, S00: Au S222 222 es vezscd s E. R. Squibb & Sons, Inc. (division of 
Olin Mathieson Chemical Corp.). 
Crysticillin unimatic, 300 A. 8. (dis- Do. 


posable unit). 
Diurnal, penicillin readimixed, 300 M_ The Upjohn Co. 


Mor dimes Tks ed oe. see. Smith-Dorsey Co. 

Ppuraerlin, A. So coset wee Sep ess Eli Lilly & Co. 

Pie-Gillin, aqueous... 2-4 .2=t Bristol Laboratories, Inc. (subsidiary of 
Bristol-Myers Co.). 

SCG i le ei ga I eg pei ae eae Premo Pharmaceutical Laboratories, Inc. 

Ledercillin suspension____---------- Lederle Laboratories (division of American 
Cyanamid Co.). 

Parencillin in aqueous suspension____ Wm. 8. Merrell Co. 

Piarcillin aqueous: 22. 4.2 ek Sharp & Dohme, Ine. (division of Merck 
& Co., Ine.). 

iW ycillin suspension. -2"~_2._7z_<-- Wyeth Laboratories, Inc. (division of Amer- 


ican Home Products Corp.) 


Source: Henry Welch, The Manual of Antibiotics, 1954-55, Medical Encyclopedia, Inc., New York, 
1954, p. 33, and The American Druggist Blue Book, 1956-57. The original source listing trademarks for 
this product was The Manual of Antibiotics, 1954-55. The American Druggist Blue Book, 1956-57, was 
checked in order to make sure that these products were still being marketed in 1956. 


Thirteen companies marketed this dosage form of procaine penicil- 
lin under its generic name and their respective trade names in 1956." 
Only two of the companies selling under their trade names were 
original manufacturers of procaine penicillin: Abbott Laboratories 
and Chas. Pfizer & Co., Inc. 


11 These companies were Abbott Laboratories, Bio-Ramo Drug Co., George A. Breon & Co., 
Chase Chemical Co., Lannett Co., Martin Drug Co., The S. E. Massengill 'Co., Parke, Davis 
& Co,. Chas. Pfizer & Co., Inc., Siler Medical 'Corp., Veltex Chemical Co., Vitamix Corp., and 
Winthrop Chemical Co. 
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The trademarks presented in table 66 all represent the same basic 
procaine penicillin preparation. There are at least 10 additional prep- 
arations containing 1 of the 8 common salts of penicillin (procaine, 
sodium, or potassium), and most of these preparations are sold under 
a number of different trademarks. 

The prices of various companies for 3 penicillin dosage forms are set 
out in tables 48, 44, and 45. These tables do not present any con- 
sistent pattern of differences between the prices of the larger manu- 
facturers which might be expected to have been most successful in 
promoting their trade names or trademarks and the packagers. ‘The 
published prices of the manufacturers for buffered potassium penicillin 
tablets (table 45) were identical but in all instances appreciably higher 
than those of the packagers. The same situation does not obtain as to 
the procaine penicillin dosage forms compared in table 44 (aqueous 
suspension) and table 44 (tablet form). 

The prices of 9 sellers including 3 manufacturers and 6 packagers 
of 3 million units in aqueous suspension (10 units) for 1956 are listed 
on page 172. The prices of 3 of the manufacturers for this form were 
identical at $0.19, which is 4 cents more than the lowest price quoted 
by any packager but 26 cents lower than the highest price of any 
packager. ‘The price of Lederle, as indicated on page 172, was 31 
cents. 

Likewise, the 1956 published prices of 1 manufacturer and 5 pack- 
agers for procaine penicillin in tablet form do not show the prices 
of the former as higher than all of those of the latter. 

Although 3 of the packagers quoted prices considerably less than 
those of the manufacturer, the prices of the fourth packager, Vita- 
mix, approximated those of Lilly, an original manufacturer, and 
Lederle, which, although an original manufacturer of some anti- 
biotics, is a packager and compounder of procaine penicillin. 

Several penicillin types are marketed by only a few companies. 
Among these are benzathine penicillin, phenoxymethyl penicillin, and. 
hydrabamine penicillin. All of these products are distributed under 
the trademarks of their respective manufacturers. Table 67 lists 
the generic names, manufacturers, and trademarks for these penicillins. 


TABLE 67.—Generic names, manufacturers and trademarks of certain penicillin 





types 
Generic name Manufacturer Trademark 

Benzathine pencillin' 2222222. 222k Huis y “Ge OO. Sel sa oak eee Neolin.! 

Ghass Paver © 0. InC2 aes so s2- eee Permapen. 

Bristol Waboratorieges. 2.5 2oe ee Penbiotic.! 

Wyeth Laboratories_._..._.-..._._._-- Bicillin. 
Phenoxymethy! penicillin. -...____.___.- Egil ire © OS Se eee ae see heen oe V-Cillin. 

Wyeth Laboratories__.-..._..._.______- Pen-Vee. 
Hydrabamine penicillin. .____.__-___-___ Abbott Waboratoriesi2=. = = 2-2 Compocillin V. 


1 Combinations of benzathine pencillin with other substances. 
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Penicillin products are characterized by a variety of trade names 
and trademarks to a much greater extent than any of the other anti- 
biotics in general use. There are comparatively few trademarks for 
streptomycin and dihydrostreptomycin. The sulfates of streptomycin 
and dihydrostreptomycin are sold under their generic names, in con- 
nection with the trade name of the seller. 


Erythromycin 


Erythromycin is sold by only three companies, and one of these, The 
Upjohn Co., distributes the more important dosage forms under the 
generic name erythromycin. Eli Lilly & Co.’s trademark for erythro- 
mycin is Ilotycin, and the trademark of Abbott Laboratories is 
Erythrocin. 


Broad spectrum antibiotics 


Three of the broad spectrum antibiotics are sold by only one manu- 
facturer and under one trademark only. A fourth, tetracycline, is 
distributed by 5 companies, of which 8 are original manufacturers. 
All five distributors sell the product under their respective trade- 
marks. The generic names of the broad spectrum antibiotics, and the 
trademarks under which they are sold, are presented in table 68. 


Novobiocin 


Novobiocin, which in 1956 ranked along with erythromycin and 
some of the broad spectrum antibiotics in total dollar sales, is sold by 
The Upjohn Co. as Albamycin, and by Merck & Co., Inc., under the 
trademark Cathomycin. 


TABLE 68.—Generic names and trademarks of the broad spectrum antibiotics 





Generic name Company Trademark 
Chlortetracycline____._..__.__- American Cyanamid Co _...----.-::-----.---4-- Aureomycin. 
Chicramphenicol= == 2 iPatkes Davis ©Gs--- ee eso eee Chloromycetin. 
Oxyseotracy cline. 2 17.20.22. Chas. sPiizerc CO hne! hei. 2S: wea ss wees Terramycin. 

Original manufacturers: 
American Cyanamid Co---.------- cy ep sie Achromycin. 
Chasibitzenici© Os glnCs a2 Sowa eee eae Tetracyn. 
Tetracycline..........--------- Bristol Waboravories, Ime@s_22224222522-- === Polyeycline.! 


Manufacturing distributors: 
E Squibb & Sons (division of Olin | Steclin. 
Mathieson Chemical Corp.). 
“Dew piobm Cos ees eae ee eet Panmycin. 


1 Bristol Laboratories trademark for tetracycline phosphate is Tetrex. 


Combinations 


All of the antibiotics discussed in the foregoing pages are packaged 
into dosage forms and sold as individual products. In addition, most 
of these antibiotics are marketed in prepared dosage forms either in 
combination with other antibiotics or in combination with various 
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other drug products. Combination products of this sort are marketed 
under trademarks in the same manner as are the particular antibiotics 


when packaged alone. 

Table 69, below, lists nine trademarks used to designate and ad- 
vertise one particular dosage form containing penicillin and dihydro- 
streptomycin in combination. 


TABLE 69.—Penicillin and dihydrostreptomycin 


[Active ingredients: 300,000 units/dose procaine penicillin G; 100,000 units/dose sodium or potassium 
penicillin G; 0.5 gram dose dihydrostreptomycin base] 


Trademark or trade name | Company 





Cillimy Cini Qube soc 225 cee ene aon Seweseasee Wyeth Laboratories, Inc. 

Combiotie P-Si0:5'G ME Bormulas 22-22 Chas. Pfizer & Co., Inc. 

ICV GUC aS waee wee ae, eae ee eee E. R. Squibb & Sons, Inc. 

Dihydrocillin, Wortified. W22 eo Se eee The Upjohn Co. 

Rortimiycin, Vics ire ee eet eae s eee ene Premo Pharmaceutical Laboratories, Inc. 

MPO TAA GUE ae oe cece a eae ee) ce Sa TO Bristol Laboratories, Inc. 

POINT CLI Soe ey ee ee oe ee er eee Liberty Vitamin Co. 

IPenstrips saul 2) are ee es ae. ees Sharp & Dohme, division of Merck Company, Inc. 
FSR 0 Vey clin er YS ocean at ae Consolidated Midland Corp. 


Source: Henry Welch, The Manual of Antibiotics, 195/-55, Medical Encyclopedia, Inc., New York, 
1954, p. 33, and the American Druggist Blue Book, 1956-57. The original source listing trademarks for this 
product was The Manual of Antibiotics, 1954-55. According to the American Druggist Blue Book, 1956-57, 
these products were still being marketed in 1956. 


In 1954 there were 15 or more different combinations of antibiotics, 
each of which was marketed under one or more trademarks. Most 
of these combinations of products containing antibiotics other than 
penicillin, streptomycin, or dihydrostreptomycin consisted of oint- 
ment or lozenge preparations comprising two or more relatively minor 
antibiotics, as, for example, bacitracin, neomycin, polymyxin, and 
tyrothricin.”? | 

As previously noted, since 1954 at least 60 new combinations con- 
taining one or more antibiotics have appeared on the market. Ex- 
amples of trademarks used to designate these combinations are 
Sigmamycin (tetracycline and oleandomycin), Mysteclin (tetracycline 
and nystatin), and Cathocillin (novobiocin and penicillin). There 
seems to be a trend toward the marketing of dosage forms containing 
fixed combinations of antibiotics intended for systemic use. 

Trademarks or trade names may serve a useful function as easily 
pronounced short names for frequently complex combination products. 
The Rhodes Pharmacal Co., Inc., for example, markets a tyrothricin 
ointment under the name Predicaine, containing tyrothricin (0.5 mg., 
1 gm.), benzocaine (5.0 percent), p-chlor-m-xylenol (1.0 percent), 
and methylbenzathonium chloride (0.6 percent). Tetrazets, the 
trademark of Sharp & Dohme Division of Merck & Co., is the only 
name under which troches containing bacitracin (50 units/troche), 


12 For a listing of antibiotic combinations marketed in 1954, see Henry Welch, The Manual 
of Antibiotics, 1954-55, Medical Encyclopedia, Inc., New York, 1954. 
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neomycin sulfate (5 mg.), tyrothricin (1 mg.), and benzocaine (5 mg.) 
are marketed. 

Many more examples of the utility of trade names as short names 
for complex preparations containing several drugs in combination 
could be cited. 

The Commission’s antibiotics study has been confined to produc- 
tion and sales in the United States. It should be pointed out here, 
however, that trademarks and trade names may be even more im- 
portant in sales abroad. ‘This is because in certain foreign countries 
it is impossible to obtain patent protection on medicinal products, 
and in such cases trademarks and trade names may be of great 
significance in obtaining and holding a market. 


Fair Trade in the Antibiotics Industry 


Prior to passage of the Miller-Tydings Act in 1937, it was a violation 
of the Federal antitrust laws for manufacturers whose products are 
sold in interstate commerce to enter into agreements fixing minimum 
resale prices. ‘“ Vertical” price-fixing arrangements 7 of this nature 
were held to be in violation of the Sherman Antitrust Act by the 
United States Supreme Court in 1911 in the case of Dr. Miles Medical 
Co.v. John D. Park & Sons Co. The court pointed out that “vertical” 
arrangements between a manufacturer and retail sellers of his goods 
could eliminate competition ag effectively as “horizontal” agreements 
among the retailers themselves." 

During the depression years many State legislatures enacted “fair 
trade” laws permitting “vertical” price fixing on intrastate sales of 
trademarked or branded goods.*® 

In 1937 the United States Congress amended the Sherman Act by 
passing the Miller-Tydings Act which exempts the following from the 
Federal antitrust laws: 


Contracts or agreements prescribing minimum prices for the resale of a com- 
modity which bears, or the label or container of which bears, the trademark, 
brand, or name of the producer or distributor of such commodity and which is 
in free and open competition with commodities of the same general class pro- 


18 In Hwald T. Grether, Price Control Under Fair Trade Legislation, Oxford University 
Press, New York, 1939, p. 4, “Vertical” price control is defined as ‘‘a price constraint be- 
tween sellers on different levels, as for instance between manufacturers and wholesalers, 
manufacturers and retailers, or wholesalers and retailers, The most pronounced form of 
vertical price control has long been known as ‘resale price maintenance.’ Horizontal price 
control is defined as a constraint between sellers on a given level. For instance, when re- 
tailers in a local market employ measures of price regulation by agreement among them- 
selves, this activity would be classified as ‘horizontal’ ; if manufacturers put the device into 
effect for the retailers the procedure would be classified as ‘vertical.’ ” 

14220 U.S. 873 (1911). 

15 Dr, Miles Medical Co. v John D. Park, 220 U. S. 873, 408 (1911). 

16 In the Federal Trade Commission’s Report on Resale Price Maintenance, 1945, pp. 4-10, 
the economic factors leading to passage of the State resale price maintenance statutes are 
discussed at length. 
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duced or distributed by others, when contracts or agreements of that descrip- 
tion are lawful [in the State of resale]. 

After this statute had been held not to control distributors who had 
not signed contracts directly with the manufacturer, Congress in 1952 
passed the McGuire Act. The McGuire Act, which amends the 
Federal Trade Commission Act, is in many respects similar to the 
Miller-Tydings Act, but is broader in scope. 

The McGuire Act legalizes contracts prescribing both minimum and 
stipulated prices, whereas the Miller-Tydings Act provided only for 
minimum prices. Moreover, the McGuire Act provides for non- 
signer clauses making it lawful to compel, by an action under State 
fair trade laws, noncontracting as well as contracting parties to abide 
by fair trade prices established in the State. 

The constitutionality of the McGuire Act has never been squarely 
tested in the United States Supreme Court, although certiorari was 
denied in one case. (Schwegmann Bros. Giant Supermarket v. Ll 
Lilly « Co., 846 U.S. 856, 74.8. Ct. 71 (1953).) However, the highest 
courts in 14 States have held that their fair trade acts, insofar as they 
applied to non-signers, are unconstitutional. In four more States 
there are lower court decisions to the same effect, making a total of 18 
States in which the nonsigner aspect has been declared unconstitu- 
tional. Since 3 States and the District of Columbia have no fair trade 
laws, and in 9 more States the laws have not been tested by the courts, 
these figures become even more significant. Moreover, courts in four 
States have declared their fair trade acts in general unconstitutional. 
The primary reason given by most State supreme courts for holding 
the fair trade laws, as applied to nonsigners, unconstitutional was that 
they violated the due process clause of the State constitution. 

Many of the large manufacturers of antibiotics have established 
minimum resale prices at either the wholesale or the retail level, or 
both, for many of their antibiotic products. Some samples of the use 
of fair trade in the antibiotics industry are noted as to certain prod- 
ucts: 


Chloromycetin 


This product is manufactured exclusively by Parke, Davis & Co. 
The 1956-57 edition of Antibiotics Annual reports that “Chloram- 
phenicol (Chloromycetin) at present is the drug of choice the world 
over for typhoid fever.’ ** 

Fair trade prices established by Parke, Davis & Co. for this product 
are listed in table 70, which follows. 


1715 U.S.C. sec, 1. 

Sam S. Woolington, Sidney S. Adler, and Albert G. Bower, “Five Years Experience 
With Chloramphenicol,” Antibiotics Annual, 1956-57, edited by Henry Welch and Felix 
Marti-Ibanez, Medical Encyclopedia, Inc., New York, 1957, p. 371. 
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TABLE 70.—Chloromycetin published fair-trade prices: 1956-57 


Retail fair- Wholesale Percentage 








Type of preparation trade mini- price to markup on 
mum retailer cost 
Capsules: 
50-milligram: 
IB YO) SIEM) Pee see eee, aie apne Se ee $2. 87 $1. 91 50. 26 
Ove le OM Nae tne se eos. 0 eee oe BEA Ss ee 10. 71 7.14 50. 00 
100-milligram: 
IB OUUICIO M20 mene cree eee ie ore eee eee ae 5. 42 3. 61 50.14 
Otto OlR OO pepe vei ek ee Ge ke Le ee 20. 65 1B 717 49, 96 
Cream, 1 percent, l-ounce tube capacity ______..._.....-. 1... 1. 66 il, ie 49. 55 
Potramuscular, 1 centimeter steri-viol., each... -_...._-_...- 3. 60 2. 40 50. 00 
Kapseals, 250-milligram: 
PSOE EIOTO fal eeenre ene ee tin cP I Ss ee 7. 65 5. 10 50. 00 
Otc CLOIghO0 Senne Se ne eee ecient eS oo ak 45. 91 30. 60 50. 03 
Opthalmic, 25-milligram vial w/dropper, each___________-___-- 11 81 49. 38 
Otic, 15 cubic centimeter vial w/dropper, each___________-___.. 2. 02 ik, BE 49. 63 
Palmitate, suspension oral 60 cubic centimeter bottle, each__..- 3. 82 2.55 49. 80 


Source: American Druggist Blue Book, 1956-1957, American Druggist, New York, 1956, p. 152. 


Aureomycin 


Aureomycin (Chlortetracycline) 1s manufactured and sold exclu- 
sively by Lederle Laboratories Division of American Cyanamid Co.,'® 
owner of a patent on this product. 

Table 71 presents the fair trade minimum price published for Aureo- 
mycin, specifies the wholesaler’s price to the retailer, and shows the per- 
centage markup.” 


TABLE 71.—Aureomycin published fair-trade prices: 1956-57 


Retail fair- Wholesale Percentage 








Type of preparation trade mini- price to markup on 
mum retailer cost 
Capsules: 
50-milligram: 
PACK AC CLOle 2 ame eens a tatin Ne las nN ek Ra SLA $2. 86 $1. 91 49. 74 
IR ACKiao CxO tel (Meet te ree sige in eee Wud wt yee me nes os 10. 71 7.14 50. 00 
100-milligram: 
ROCK Os Oia Omer sets ns ak ie nek, ies pte Pe See 5. 42 3. 61 50. 14 
ACK OCHO lel eer sre ae eee eek eens eer 8 bate here 20. 65 13.77 49. 96 
250-milligram: 
BES ACESS CLO TE Graeme ec eles ten FL ek SNPS Vs hay ee 7. 65 5.10 50. 00 
RACK ACOSO lal OO Scare nied ene a or wetted ay tee ag Sg ae 45, 90 30. 60 50. 00 
Intravenous vial: 
LOOsmullignatn CaChe Ss een oP one ee eo Soe ae eee 1.16 3 50. 65 
Denim UigranaeCac heer ean ee Sok ee 2. 43 1. 62 50. 00 
DOOenMlli spam pCACh besa ae aeons. 6 22 st eee S22 ae 4, 36 2.91 49. 83 
Ophthalmic ointment 1 percent, 6 tubes 48 ounce each____.._- 1. 83 2 50. 00 
OLICBWACKASC MCA hee eee ene ae ele Coe ee i 1583 22 50. 00 
Nasa lO-milieramavaalaw/Croppels-s. 22. = 65 aoe eee ae iy me 49. 33 
Rectal suppositories, 50-milligram jar of 8 each._..-_-----_-__- 2.62 1. 68 50. 00 


The percentage markup on cost necessary to comply with the fair 
trade prices ranges from 4914 percent (Aureomycin for nasal appli- 
cation) to 5024 percent (Aureomycin for intravenous injection). 


19 As previously mentioned, Bristol Laboratories, Inc,, has the right to manufacture and 
sell a tetracycline product containing up to 6 percent chlortetracycline. 

20 Source: American Druggist Blue Book, 1956-57, published by American Druggist, 
New York, 1956, pp. 99-100. 
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Erythromycin 


Three companies manufacture and sell this antibiotic: the patent 
owner, Eli Lilly & Co., and two licensees, Abbott Laboratories and the 
Upjohn Co. Table 72 specifies the minimum resale prices which have 
been published for Erythromycin Lactobionate, an erythromycin 
preparation sold by Abbott Laboratories only.?* 


TABLE 72.—Hrythrocin lactobionate published fair trade prices: 1956-57 


Retail fair- Wholesale Percentage 


Type of preparation trade mini- price to markup on 
mum retailer cost 
Vials, sterile: 
S00smiuilli gram Cacite {26 sete. ye se a ee ee $2. 85 $1. 90 50. 00 
igre “agents 2s LS es ae te eat eee 7. 51 5. 00 50. 20 





This table shows that the retail druggist pays $1.90 for a 800-milli- 
gram vial of Erythrocin Lactobinate; the fair trade selling price is 
$2.85, a 50-percent markup on cost. For the 1-gram sterile vial, the 
pharmacist or druggist pays $5; the consumer price is $7.51, a 50.2- 
percent markup on cost. 


21 Source: American Druggist Blue Book, 1956-57, The American Druggist, New York, 
1956, p. 228. 


CHAPTER X 
Antibiotics and the Public 


During 1943-1945, the very limited allocations of penicillin which 
could be made for civilian use were made by the Government. On 
“March 15, 1945, distribution to civilians through normal channels 
began. 
What the public has spent for penicillin and other antibiotics during 
the succeeding years, and what it has obtained in longer life and 
better health, are matters for conjecture. While national studies of 
“medical costs have been made, and a number of samplings of expendi- 
tures for drugs and medicines have been conducted, spending for 
antibiotics or for antibiotics prescriptions has not been surveyed on 
-a national basis. 





Consumer Purchases of Antibiotics 


In terms of production less exports, about 645 metric tons of anti- 
biotics were used in the United States in 1956, at a rate of nearly 4 
grams for each person in the entire population. In 1950, purchases 
were at the rate of less than 1 gram per person. Table 73 shows 
estimated United States consumption of antibiotics (quantity of 
manufacturers’ sales minus exports) for the years 1950 through 1956, 
and the annual percentage increase in consumption. 


TABLE 73.—Estimated United States consumption of antibiotics: 1950 to 1956 


[In metric tons] 











Manufacturers’— Percent 
at United increase in 
Year States consumption 
Sales Exports consump- over pre- 
tion 1 vious year 
SRD ASA Chee Does rk paleo A OPty 88 Ae ne Se Oe 326. 2 186. 4 SONS eee ee reer 
| ERS bi Liane agen Ne SE at ee oat ne 568. 4 275. 2 293. 2 109. 7 
(DE SN ES CONS EE AS Oe DE EE bate eRe eee 663. 3 243. 8 419.5 Aral 
Be) spes aan be puesta ET Serie ee eS ee 800. 2 276. 4 OLoAS 24.9 
ey Ameneeseteey Ree Sl Sere ee ee oe arc oe 919.1 380. 2 538. 9 2.9 
TIRES se le RAE Oe le ws ee ee, ae See 998. 6 BAe 626. 16.3 
is (steerer s SO ee ea eel. Ae we Bohin 22 Soaks eee oe 1,051.1 405.9 645. 2 2.9 








1'There is an indeterminate amount of spoilage affecting these totals, for which no adjustment has been 
made. 


Source: FTC data requests, 1956 and 1957; U. S. Department of Commerce, United States Exports of 
Domestic and Foreign Merchandise, Report No. F'T 410, pt. II, for years 1950-56, Washington, D. C 
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The manufacturers’ sales for United States consumption shown 
above include both antibiotics of medicinal grade and antibiotics of 
animal feed grade. Nearly all of the medicinal grades sold by pre- 
scription, or administered by the medical profession. The exceptions 
are certain ointments and lozenges that contain only small quantities 
of antibiotics and are not significant in the total picture. 

Medicinal grade antibiotics accounted for all sales until 1950. In 
that year, for the first time, small amounts of antibiotics were sold for 
use in animal feed supplements, and other sales for minor uses have 
been made since that time.* 

The cost to the public of these purchases of antibiotics has been 
estimated but precise data are not available. It is known that pre- 
scription forms account for the largest portion of total spending. 
This can be determined from manufacturers’ dollar sales, about 90 
percent of which represented medicinal grade antibiotics (which, as 
stated above, normally require prescriptions) in both 1955 and 1956. 
(See chart 6B, p. 81.) 

Estimates of consumer spending on all grades of antibiotics in 1953 
have been placed at $575 million by the Manufacturing Chemists’ 
Association.2 An estimate of the spending on antibiotics for human 
therapy alone, for the year 1957, was placed at $750 million.® 


Antibiotic prescriptions 


Since antibiotics first became available for civilian use in 1945, they 
have grown steadily in importance as prescription items, with most 
of their growth occurring since 1948. According to information from 
trade sources it appears that, in 1948, antibiotic prescriptions ac- 
counted for only 1.5 percent of the total number written; in 1952, 13.7 
percent; in 1954, 17.2 percent; and in 1955, they accounted for 12.7 
percent of the total number written. 

In 1955, $1,258 million is reported to have been spent by the Nation 
on prescriptions.’ Of the 577 million prescriptions written in that 
year,” antibiotics were reported to have been called for in 73 million, 
or 12.7 percent of the total number written.¢ The total number of 


1Table 7, p. 68, lists the kinds and quantities of antibiotics sold as animal feed supple- 
ments in 1956. Chart 3, p. 71, shows the comparisons between output of different grades 
through the span of years from 1948 to 1956. 

* The Chemicals Industry Facts Book, Manufacturing Chemists’ Association, Washington, 
1955, p, 40. 

’ Statement made at the Pasteur Fermentation Centennial in New York, 1957, entitled 
“What’s Ahead in Fermentation,’ Chemical & Engineering News, vol, 35, No. 48, Dee, 2, 
1957, p. 47. 

4 Modern Medicine Topics, vol. 17, No. 5, May 1956; and Journal of the American Phar- 
maceutical Association, vol. 18, No. 5, May 1957, p. 262; The Chain Store Age, December 
1956 ; Pharmaceutical Review. 

5 Drug Topics, vol. 100, No. 16, New York, August 6, 1956, p. 18. 

‘a Journal of the American Pharmaceutical Association, vol. 18, No. 5, May 1957, p. 262. 

6 “Antibiotics: Have we entered a third era?” The Chain Store Age, Dec. 1956, 
Pharmaceutical Review. 
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prescriptions increased to 585,920,000 in 1956 and 641,330,000 in 19507 
but the number calling for antibiotics has not been reported by trade 
sources. 

The average price of all prescriptions has been variously estimated, 
but, again, no national data are available upon which to base an 
estimate of the average cost of an antibiotic prescription. 

A prescription survey made in 1954-55 placed average prices of all 
prescriptions at $2.36 and the median price at $1.41.8 Another sur- 
vey in 1954 revealed an average prescription price of $2.27.° The 
average prescription price in 1956 has been reported as $2.49, and in 
1957 had increased to $2.64. 1° 

Antibiotics used in medical therapy, when prescribed for oral 
administration are purchased from the druggist upon presentation 
of a doctor’s prescription. Antibiotics may also be given by injection 
in the doctor’s office or in the hospital. When an injection is given, 
the physician charges a fee for professional services which includes 
his charge for the antibiotic. 

During 1956, the single medicinal antibiotic produced and sold in 
the largest volume was procaine penicillin. This substance is usually 
administered by injection, and the most common single vial provides 
300,000 units of procaine penicillin per injection dose of 1 cubic 
centimeter. The published retail prices for procain penicillin in vials 
containing 10 injections of 300,000 units each range from 94 cents to 
$1.73. 

A great variety of antibiotics, especially the newer ones, are suit- 
able for oral dosage. These are prescribed by the doctor in varying 
amounts and purchased by the patient at the drugstore. The pre- 
scription may call for several days’ supply or longer, depending on 
the condition or purpose for which prescribed. Therefore, the price 
of the prescription may vary according to the doctor’s prescribed 
course of medication, and in some cases according to the particular 
antibiotic prescribed. 

Table 74 lists some of the more widely published prescription items 
and shows the published retail price. The price for each capsule or 
tablet, usually 250 milligrams of the particular item, is shown m 
a third column. The price per tablet or price per capsule does not 
- indicate a dosage price, for the doctor may signify that more than 
one capsule or tablet should be taken at a time. Neither does this 
third column indicate a price for a course of treatment because the 
number of capsules per dose, the number of doses, and the days of 


7 Drug Trade News, vol. 33, No. 5, March 10, 1958, p. 16. 

8 National Prescription Survey, 1954-55, Brooklyn ‘College of Pharmacy, New York, pp. 
6 and 7. 

® The Lilly Digest, 23d annual edition, 1954, Eli Lilly & Co., Indianapolis, Ind., p. 26. 

10 Drug Trade News, vol. 33, No. 5, March 10, 1958, p. 16. 
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treatment will depend on the duration and severity of the condition 
for which prescribed. 


TABLE 74.—Published prices of certain antibiotics prescription (oral) forms: 


1956 
Prescription Published retail price Price per capsule or 
‘ tablet 
Tetracycline: 
“Tetracyn” capsules, 250-milligram, 16’s_.___--__-_- SSS as Rete OAS ae Sere $0.53. 
‘“Achromycin” capsules, 260-milligram, 1G*S=_ = S765 60 88.00 so2- 2-2 Soe $0.48 to $0.53. 
“Polycycline”’ capsules, "250- milligram, 16’s__..___- $8 O0w sak fas Sea RS Re $0.53. 
“Steclin’’ capsules, 250-milligram, 16’s.-_-.------_- $71 BDiLO OS DUE ne Se $0.48 to $0.53. 
“Panmycin’’ capsules, 250-mithioram. UGis= 222 SES /.0Oss = en on eee ee $0.47. 
Oxytetracycline: “Terramycin’’ capsules, 250-milli- | $8.50-.......-...--.-_------- $0.53. 
gram, 16’s. 
Chlortetracycline: ‘‘Aureomycin”’ capsules, 250-milli- | $7.65 to $8.50__._-__---_----_- $0.48 to $0.53. 
gram, 16’s. 
Erythromycin: 
‘“Tlotycin”’ tablets, 100-milligram, 36’s.__-----_---- os es ~ $8) 64a seo Se BeS $0.22 to $0.24. 
“Erythromycin” tablets, 200-milligram, 25’s______- SI 25 ok Sa So oes ee $0.45. 
Chloramphenicol: ‘‘Chloromyecetin’”’ capsules, 250- | $7. 65 a oh) eee ee Be ee $0.48 to $0.53. 
milligram, 16’s. 
Penicillin V: 
“Pen Vee”’ tablets, 300-milligram, 12’s__________--_- GOD tine & Pe eel See eee ee 
“V-cillin’’ capsules, 250-milligram, 24’s__.-__---__-- $10.80 to $12.00_.-_----------] $0.45 to $0.50. 
Penicillin G, potassium buffered: 250,000 units, 12 tab- | $2.25..--_..--.-------------- $0.19. 
lets (Abbott). 
Penicillin G, procaine buffered: 250,000) units; 12 tab- | $2.65. .....__-.-2=-.--=---=-_ $0.22. 


lets (Lederle). 


1 Wholesale price; retail price not published. 
Source: Drug Topics Red Book, Topics Publishing Co., Inc., New York, 1956 and 1957. 


Antibiotic prescription forms are increasingly being prepared as 
mixtures of one or more antibiotics, or as mixtures of antibiotics with 
sulfa or other drugs. Sometimes the antibiotic substance is only a 
minor ingredient in the prescription. The many combinations in 
which antibiotics are prepared by manufacturers are not shown in 
table 74, which lists only a few of the one-substance forms of prescrip- 
tions. Because of the varieties and combinations of antibiotics 
prepared in prescription forms, it is impossible to determine, In many 
cases, the principal cost element in the prescription. A comparison 
between the cost of different antibiotic prescriptions is further compli- 
cated, as already indicated, by variations in dosages and in the ways 
in which antibiotics are used by the medical profession. 

Antibiotics have ranked as the leading ingredient of prescriptions 
in virtually every fortnightly survey made by the American Druggist 
magazine since 1952. In the few instances when antibiotics have 
dropped to second place among the eight categories of drugs pre- 
scribed, they have been outranked only briefly by barbiturates. 

Antibiotics have also led other prescription ingredients in numbers 
of new specialties introduced annually. Table 75, taken from Chain 
Store Age, shows trends since 1953 in numbers of new prescription 
specialties offered. The year 1956, not shown on the table, marked the 
introduction of an unusually large number of new specialities. 
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TABLE 75.—Number of new prescription specialties introduced: 1953, 1954, and 
first 6 months of 1955 











Product classification 1953 1954 1955, Ist 

6 months 
Aatibiotics—sultas and combinations: #5. .-.2-5-.2---4--22.3s222--5 51 79 34 
Witamins, minerals, hemantics, lititropics, ete._.......-..---=------- 50 67 36 
medatives, hypnotics, analgesics, be. 2.22 22.=42.-2--2-2->-esee-- 43 52 48 
LL QURGINOTEVEG SS ak Se reese Meet tos 42 38 33 
PAG ETORMESTNIDALS Ue etre Sarre notte he Shee inh sae oe Sek 27 26 11 
ACM an OS CM ANG enter ere ae cy es ee eee oe eae 22 59 13 
MARPLE TA UTE CC ee eee siete ARNE Set Re pee ge So ae Sele eed 15 Os Nien 2d Be 
Prerat HRS erNTnh hl Compete te pe ee. ER ne ee Ne ee ee 10 29 6 
Macey cies 2 ers feet bata ee Sipe need eee edu based anes Oiait ie aa i ee 8 
SE SCE UR 1 (a A ee a peat ee SS eR co 6 16 i 
montiral nervous system stimulants= -. 2222-2 culo. el ae tye eee-ie-+ Aa ees rats ea aes 5 
ESS) UR A SRS ES Si Sa oe a eae, na nye eS oe Meee ere aor 10 9 
ai TIatH es fee So Ee eee eae meee ee mee a eee Se ee ae 57 30 18 





Source: 1956 Modern Medical Market Guide, Modern Medicine Publications, Inc., Minneapolis, Minn., 
1956, p. 38, from Drug Executives Edition, Chain Store Age. 


Public Health 


Many factors affect public health data on death rates and incidence 
of diseases. Although a direct connection between these data and 
the advent of antibiotics cannot be shown, comparisons in death and 
disease rates for the period before antibiotics and the period after the 
use of antibiotics are believed to be significant. 

The area where antibiotics have made the most important contri- 
bution to public health is unquestionably in the treatment of infec- 
tions and contagious diseases. Many diseases of this kind are caused 
by bacteria which succumb to the action of antibiotics. In this field, 
antibiotics have been called “catastrophic” medicines because of their 
dramatic effectiveness in many serious infections on battlefields, in 
surgery, and in accidents. They have also proven effective in pre- 
venting complications that often follow severe illnesses even when 
the original illness was not responsive to antibiotics therapy. The 
“complication,” which formerly might have caused the patient’s death 
because of its cumulative effect on a weakened system, now frequently 
appears to be prevented by the precautionary use of antibiotics. 

Credit for better health and longer life must be given to a com- 
bination of factors. Improved sanitation, immunization programs, 
and better nutrition have combined with scientific advances in medica- 
tion (such as antibiotics and sulfa drugs) to provide longer and 
healthier lives. The reduced outbreaks of food- and water-borne 
diseases attest to the general betterment of health conditions. In 
1938 outbreaks of such diseases totaled 36,507 cases in the United 
States; in 1951 only 11,244 cases were reported.™ 


11 Building America’s Health, vol. 3, The President’s Cominission on the Health Needs of 
the Nation, Washington, D. C., 1953, table 87, p. 72. 
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Principal infections and diseases which respond to antibiotic 
therapy 


Bacterial infections which cause such diseases as pneumonia, mas- 
toiditis, bacterial endocarditis (inflammation of the lining of the cavity 
of the heart, particularly of the valves), meningitis, peritonitis, ty- 
phoid fever, and some venereal diseases are susceptible to antibiotics. 
But viral infections, with 1 or 2 minor exceptions, resist antibiotics. 
This means that antibiotics are not effective against the microbes which 
cause such infections as the common cold, measles, infantile paralysis, 
influenza, mumps, rabies, shingles, smallpox, and yellow fever. 

As new drugs, each of the antibiotic substances now on the market 
has proved its capacity for antimicrobial action to the satisfaction 
of the Food and Drug Administration. In use, the action of an anti- 
biotic will vary according to the seriousness of the infection or disease, 
according to the patient’s condition, and according to the size of the 
dosage. Often the same antibiotic is either bactericidal or bacterio- 
static depending on the size of the dosage administered or on the vital- 
ity of the disease-causing micro-organism. (A bactericidal antibiotic 
is one which destroys the disease-causing bacterial micro-organism. 
A bacteriostatic antibiotic stops the growth of the disease-causing bac- 
terial micro-organism. ) 

As stated above, for each antibiotic there are certain disease-causing 
micro-organisms against which the antibiotic is active (either as a 
growth inhibitor or asa killer). This spectrum of potency is not re- 
lated to the number of diseases but rather to the kinds of disease-caus- 
ing organisms that the antibiotic can harm in some way. In general 
terms, the major areas of effectiveness of important antibiotics can 
be summarized as follows. Penicillin has a high order of activity 
against most of the Gram-positive organisms, some of the Gram- 
negative bacteria,” various spirochetes, and the actinomyces. Other 
organisms such as the virus of lymphogranuloma venereum and psit- 
tacosis are less sensitive to penicillin.1* The streptomycins are useful 
in treating tuberculosis and other infections. 

Potency against a broader spectrum of organisms has been found 
in other antibiotics, such as chloramphenicol and the three tetra- 
cyclines. The tetracyclines are effective against most of the Gram- 
positive bacteria and a wide variety of Gram-negative organisms; 
they are highly effective against rickettsias and against some large 
viruses. They are also effective against organisms causing granuloma 
inguinale and trachoma, the actinomycetes, spirochetes, some protozoa 
and other parasites. Chloramphenicol has an antimicrobial spectrum 

2 Gram-positive and Gram-negative refer to the reaction of bacteria to a stain developed 
by Hans Christian Gram of Denmark. 


18 Allen E, Hussar and Howard L. Holley, Antibiotics and Antibiotics Therapy, The 
Macmillan Co., New York, 1954, p. 58. 
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similar to the tetracyclines, with some exceptions. The outstanding 
advantage of this antibiotic is its effectiveness against the typhoid 
organisms, not shared by other antibiotics. 

Because of the wider range of organisms reacting to chloramphenicol 
and the tetracyclines, they are commonly referred to as broad spec- 
trum antibiotics. Penicillin, however, within its range of activity, 
is reported to be usually more potent than broad spectrum antibiotics.” 
Again, it is stated that within the penicillin range is to be found the 
greatest number of infections and diseases occurring in the Nation.*® 


Public health statistics 


Records of the occurrence of major infections and diseases are main- 
tained by the United States Department of Health, Education, and 
Welfare. These statistics reveal that the average duration of some 
illnesses is shortening, and that infectious diseases are taking smaller 
tolls each year. Part of this favorable showing is undoubtedly due to 
the effectiveness of antibiotics in the treatment of such diseases. Other 
important factors, as previously noted, are improved sanitation in food 
and water supplies, living quarters, refuse disposal, immunization pro- 
grams, better nutrition, and scientific advances in medicine of which 
antibiotic therapy is only one part. Also, it should be noted that 
some of the diseases that have shown great decreases are not subject 
to effective treatment with antibiotics. 

Statistics published by the United States Department of Health, 
Education, and Welfare (table 76) show the number of reported 
cases of specified diseases in the United States during the years 1946 
to 1955, inclusive. 

Diseases in which antibiotics are regarded as effective are indicated 
by asterisks inthe table. Among these, diphtheria cases dropped 
from 16,354 in 1946 to 1,984 in 1955, and venereal diseases from 
814,840 cases in 1946 to 371,361 in 1955. Bacillary dysentery dropped 
from 24,286 cases in 1946 to 13,912 cases in 1955. Tuberculosis dropped 
from 119,256 cases in 1946 to 98,737 cases in 1955. 

Other diseases listed in the table, although not directly affected by 
antibiotics, are sometimes treated with them as a supportive or pro- 
phylactic measure. For instance, antibiotics may be administered in 
cases of measles, smallpox, sleeping sickness, etc., in order to forestall 
complications that sometime follow such diseases. 


14 Tbid., pp. 115-116 and 144. 

15 Louis S. Goodman and Alfred Gilman, 'The Pharmacological Basis of Therapeutics, 
The Macmillan Co., New York, 1956, pp, 1322, 1323. 

16 Harrison F, Flippin and George M. Hisenberg, Antimicrobial Therapy in Medical Prac- 
tice, F. A. Davis Co., Philadelphia, 1955, p. 12. 
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Table 77 summarizes the data shown in table 76 in such a way as 
to permit direct comparisons of the incidence of diseases against which 
the use of antibiotics is an effective treatment with that of all other 


diseases reported. 
TABLE 77.—Occurrences of reportable diseases: 1946-55 


Total occurrences of dis- 
eases against which 











antibiotics are effective 2 Total 
Year Total number occurrence of 
reported ! other diseases 

Percent of reported 
Number total cases 
reported 

NE) EE Ae No oe Mere ee esl 2, 017, 327 1, 235, 144 61.2 782, 183 
SSS ae ES ee een ee 1, 448, 290 1, 187, 813 82.0 260, 477 
|S Ge Ra ce Bin eee eee 1, 694, 740 1, 031, 057 60.8 663, 683 
OL ee ee) Cee eee 1, 618, 799 935, 698 57.8 683, 101 
Ic () mereegeiete i he ok ne we Rae ea a ne 1, 235, 383 867, 929 70.3 367, 454 
“ON. So eet 5 ey teres (eee ena Ot «ee ene Oe eee 1, 344, 211 762, 584 CONT, 581, 627 
Bie) A i ee (ae Eautha e a Se Ne 1, 521, 748 744, 946 49.0 776, 802 
Mayes re eee SS ere a Sat eee ee 1, 248, 931 717, 300 57.4 531, 631 
kh eS ga aa ie ge ere Oe Bel Mi 1, 513, 978 731, 120 48.3 782, 858 
Re Mr i ae EN ere 2 Se ee 1, 340, 118 714, 259 53.3 625, 859 
Percent decrease: 1946=55:.220 2. =. ee 33. 6 LAD E OREN Ae SS Seat eae pea 20. 0 


1 Summary of table 76, itemization of diseases reported. 
2 Summary of table 76, itemization of diseases which have been successfully treated by antibiotics. 


Source: U.S. Department of Health, Education, and Welfare, Morbidity and Mortality Weckly Report, 
vol. 4, No. 58, Washington, D. C., Sept. 27, 1956, p. 3. 


The showing is that among the diseases for which antibiotics are 
effective, the totals reported dropped from 1,285,144 in 1946 to 
714,259 in 1955, a 42.2-percent drop. For all other diseases, for which 
antibiotics are not regarded as effective, the totals reported fell from 
782,183 in 1946 to 625,859 in 1955, a 20-percent drop. The table also 
shows that the proportion of all diseases reported that were treatable 
with antibiotics fluctuated from year to year, but showed an overall 
drop from 61.2 percent of all diseases reported in 1946 to 58.3 percent 
in 1955. Notwithstanding the fact that not all of the decrease in 
number of diseases treatable with antibiotics is ascribable to such 
treatment, it appears that the use of antibiotics, early diagnosis, and 
other factors have limited the epidemic spread and thus the number 
of these diseases which occurred. 

One fact shown by Census statistics is that during the years 1945— 
55, deaths have been reduced most sharply among young people, as 
shown by table 78, which shows the number of deaths per 1,000 popu- 
lation in different age brackets. The average annual deaths for all 
age groups were greater during the period before antibiotics than 
they were during the period since antibiotics (shown in the last 
column). 

Here, again, the most that can be concluded is that the use of anti- 
biotics has been one of a number of factors contributing to the de- 
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creases in death rates that have occurred since 1945. In considering 
the showings for age groups, it is to be kept in mind that, according 
to the United States Department of Health, Education, and Welfare, 
75 percent of all deaths in 1954 were attributable to the aging and 
birth processes, rather than to infections or contagions for which 
antibiotics might be expected to offer effective therapy. Included 
‘among these leading causes of death in 1954 were cardiovascular- 
renal diseases (54 percent of the death rate for all causes in 1954) 
-and malignant neoplasms (16 percent). Six other causes, of which 
four may respond to treatment by antibiotics, accounted for most of 
the balance of the deaths.*” 

Statistics of the United States Department of Health, Education, 
and Welfare which confirm the general statement made above are 
presented in table 79, which shows the rates of deaths per 100,000 
population from important causes. The names of eight diseases which 
have been treated successfully by antibiotics are followed by an 
asterick in the table. Thus the table contains the basic data for com- 
puting the relative decreases in death rates for eight diseases treatable 
with antibiotics for comparison with the rates for other diseases 
during the period from 1945 to 1955, inclusive. Antibiotics are, of 
course, effective in the treatment of many other diseases. 

Eight of the most important diseases for which antibiotics offer 
effective therapy are tuberculosis, syphilis, dysentery, scarlet fever, 
diphtheria, whooping cough, meningococcal infections, and pneu- 
monia. The total number of deaths for these diseases combined fell 
from 89.4 per 100,000 population in 1945 to 39.0 per 100,000 in 1955, 
a decrease of 50.4 death per 100,000 population. This is a 56.4-percent 
decrease. For all other causes of death, the total number fell from 
968.7 per 100,000 in 1945 to 890.5 in 1955, a decrease of about 8.1 per- 
cent. 

Among those diseases for which antibiotics offered a new therapy 
during the period, deaths from tuberculosis were 28.8 less per 100,000 
population in 1955 than they were in 1945, a decrease of 75.2 percent. 
By comparison, the percentage decrease in number of deaths per 
100,000 population during the preceding 10 years, 1936-45, was 28.6 
percent. There were 5.6 fewer deaths per 100,000 population from 
syphilis in 1955 than in 1945, a decrease of 70.9 percent as compared 
with a decline of 34.6 percent during the preceding 10 years, 1936-45. 
Pneumonia deaths decreased 11.4 per 100,000 population from 1945 to 
1955, a decrease of 30.6 percent. These three diseases accounted for 
nearly 36 percent of the total decline in the death rates in the 10-year 

17 Department of Health, Education, and Welfare, Mortality From Selected Causes, vol. 
44, No. 10, August 10, 1956, p. 201. 


18 Department of Health, Education, and Welfare, Vital Statistics Special Reports, 1936— 
53, vol. 48, No. 2, April 4, 1596, p. 24. 
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period, with tuberculosis alone accounting for over 22 percent of 
the decrease.*® For the remaining 5 diseases, death rates from which 
were already low in 1945, the decreases in number of deaths per 100,000 
were small, but nevertheless the percentage decreases were large. 

By 1953, deaths from typhoid had been virtually eliminated.?° 
Diphtheria, which in 1945 caused 1.2 deaths per 100,000 population, 
caused deaths at the rate of only 0.1 per 100,000 in 1955.24. Deaths 
from dysentery and whooping cough have shown similar decreases.” 
In fact, deaths from these last two children’s diseases are now limited 
almost entirely to infants under 1 year of age. 

Most of the lives affected by antibiotics were apparently in the lower 
age brackets. Therefore the economic consequences of a saving of 
lives may be considered substantial. There is no way of isolating the 
exact contribution of antibiotics to public health. However, pub- 
lished data do reveal both fewer contagious diseases and lower death 
rates for the ‘“‘antibiotics period” than for the period immediately 
preceding their use. 





Time lost through illness 


Whether or not antibiotics have shortened the duration of illnesses 
is difficult to prove statistically. While many studies have been made 
of illnesses and the loss of earning power attributed to them, these 
studies do not compare data on a year-to-year basis, and therefore 
cannot be used to compare the preantibiotics period with the years 
since 1945. In any case, measurements of the length or even the occur- 
rences of illness are inexact since each individual has a different 
threshold of tolerance. One will be bedridden with a slight cold; 
another will remain on the job even though seriously ul. 

The Public Health Service has made a number of illness surveys in 
the past 25 years.?* These surveys do not, however, disclose trends in 
illnesses or trends in time lost through illnesses from year to year. 
Therefore, the effect of antibiotics on length or occurrences of illnesses 
is not observable from these surveys. 

However, hospital records do provide some insight into the periods 
preceding and following the introduction of antibiotics. It has been 
reported that the average length of stay in general hospitals was re- 
duced from 14 days per patient in 1935 to 9.3 days in 1953.24 Another 


19 Department of Health, Education, and Welfare, Monthly Vital Statistics Report, vol. 4, 
No. 13, May 28, 1956, p. 7. 

20 Department of Health, Education, and Welfare, Vital Statistics Special Reports, vol. 
43, No, 4, May 16, 1956, p. 56. 

21 Ibid., No. 6, May 18, 1956, p. 88. 

22 Tbid., No. 5, May 17, 1956, p. 72; vol. 43, No. 7, May 21, 1956, p, 104. 

23 Department of Health, Education, and Welfare, ‘Sickness Experience in Selected Areas 
of the United States,” Public Health Monograph No. 25, Washington, 1955, 

24 The Chemical Industry Facts Book, Manufacturing Chemists’ Association, Inc., Wash- 
ington, 1953, p.-890. 

J. Frederic Dewhurst, America’s Needs and Resources: A New Survey, Twentieth Cen- 
tury Fund, New York, 1955, p, 310. 
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report, covering the length of stay in all general and special short-term 
hospitals, discloses that the average number of days was reduced from 
9.1 days in 1946 to 7.9 days in 1953.”° 

With reduction in the incidence of tuberculosis, the number of hospi- 
tal beds maintained for this disease was reduced 3.5 percent in 1953 
over the prestreptomycin year of 1946. While streptomycin therapy 
has undoubtedly contributed to the improved tuberculosis picture, 
other data on the length of stay in hospitals for other diseases are less 
conclusive as a measure of the effects of treatment with antibiotics on 
time lost from other diseases. 


Some interpretations of public health data 


Between 1945 and 1955 there was a decline of 50.4 deaths per 
100,000 from diseases that respond to antibiotic treatment (calculated 
from table 79). On the basis of the 1955 population, this would 
amount to 83,000 lives. Other factors, however, such as an improved 
economic and social status of the population and better health facil- 
ities and practices, have contributed substantially to reducing deaths 
from these diseases, as well as from others. 

The fact that the average patient spends a shorter period in the 
hospital than formerly reflects a change in medical science and therapy. 
An important part of the new therapy is the use of antibiotics. The 
result is an earlier return to normal life and work for those diseases 
that yield to antibiotic treatments. In the case of industrial accidents 
also, where antibiotics have the same unique value that they had for 
war wounds, both the lives saved and the sicktime saved represent 
both actual and potential increase in productivity. However, there 
is no way to measure exactly the contribution of antibiotics to the im- 
proved public health situation, or the cumulative effects of that im- 
provement on national productivity. 


% American Hospital Association, “Hospitals,’’ Administrators Guide Issue, vol. 28, No, 6, 
pt. II, June 1954, p. 16. 
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FTC Data Requests 
Exuiprr 1—FTC Dara Request, 1956 


FEDERAL TRADE COMMISSION 
Washington 25 
OFFICE OF THE SECRETARY 


GENTLEMEN: The Federal Trade Commission, in the exercise of the powers 
vested in it by section 6 of the Federal Trade Commission Act, and pursuant 
to a resolution adopted and entered of record, has authorized and directed the 
collection of reports from corporations engaged in commerce in antibiotic sub- 
stances. 

In this connection, and pursuant to the powers conferred upon it by law, the 
Commission hereby requires you to file with it within 20 days after receipt of 
this order a report containing the information described in the attached report 
request and instructions relating thereto. 

By direction of the Commission. 

Robert M. Parrish, 
(S) Roprert M. ParrisH, 
Secretary. 


FEDERAL TRADE COMMISSION 
AMENDED RESOLUTION—REPORT ON ANTIBIOTIC DRUG INDUSTRY 


Whereas the commercial manufacture of antibiotic substances in the United 
States has within less than a decade, developed into one of the major branches 
of the ethical drug industry, and has come to be an important source of newly 
discovered food and feed supplements ; and 

Whereas the general public contributed largely to the establishment of an anti- 
biotics industry in the United States through Federal Government promotion of 
research by which methods of producing antibiotics were developed, and through 
Government incentives to stimulate commercial production of penicillin; and 

Whereas the industry is important to the public health and welfare, since 
antibiotic substances are more potent against a variety of diseases than any 
drugs previously known, and other substances produced by antibiotic manufac- 
turers have unique value as food and feed supplements in human and animal 
nutrition, while new potentialities are still being revealed ; and 

Whereas there is a broad public interest in the availability at reasonable prices 
of the antibiotic drugs, as well as in continuing research and continuing incen- 
tives for the discovery and development of new uses and new antibiotics under 
the private enterprise system ; and 

Whereas it appears to the Commission that, for the reasons stated herein, and 
for the purposes set forth in section 6 of the Federal Trade Commission Act, 
an investigation of the antibiotics industry by the Federal Trade Commission 
would be in the public interest: Now, therefore, be it 
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Resolwed, That the Commission, in the exercise of the powers vested in it by 
sections 6 and 9 of the Federal Trade Commission Act, and with the aid of any 
and all powers conferred upon it by law and any and all compulsory processes 
available to it, do forthwith proceed to investigate, for the reasons and purposes 
stated herein, the organization, business, conduct, practices, and management 
of corporations engaged in the production, sale or distribution of antibiotic 
drugs in commerce, as commerce is defined in the Federal Trade Commission 
Act, and the relations of these corporations to each other and to other corpora- 
tions, and to individuals, associations, and partnerships. 

By direction of the Commission. 

(S) Robert M. Parrish, 
RosBert M. PARRISH, 
Secretary. 

JULY 13, 1956. 

Budget Bureau No. 56-5601 
Approval expires Nov. 30, 1956 


FEDERAL TRADE COMMISSION 


Washington 25 


This report is required by law. Itis mandatory under authority of the Federal 
Trade Commission Act. 

Not later than August 13, 1956, send one copy of this report to the Federal 
Trade Commission, Bureau of Economics, Washington 25, D. C. 

Hach report should be certified to as follows: 


Certification 


I, the undersigned, president (or vice president, or other principal officer) 
of the company for which this report is made, declare that this report (includ- 
ing any accompanying exhibits) has been examined by me and is, to the best 
of my knowledge and belief, a true report, made in good faith. 


ee ee ee ee ee ee my mw ee ee a a 


(Name and address of reporting company ) (Month, day, year) 


NOTES 


1. The Commission reserves the right under section 6 (f) of the Federal Trade Commis- 
sion Act to make public from time to time such portions of the information obtained by it, 
except trade secrets and names of customers, as it shall deem expedient in the public interest. 

2, The Federal Trade Commission is informed that frequently corrections are made in 
the data on production and sales after they have been submitted to the Tariff ‘Commission, 
either by the Commission or by the companies. In all cases the interest of the Federal 
Trade Commission is in receiving the latest, corrected data. 

3. This report request is being sent to parent companies. A separate report is requested 
for each reporting corporate entity on the same basis as called for by the Tariff Commission. 

4. List the corporate entities included in the answer to each question. 


DATA SCHEDULES 
I. PRODUCTION AND SALES OF ANTIBIOTICS AND OF VITAMIN By, 1948-55 


Submit the information on production and sales of antibiotics and of vitamin 
Biz, as called for in each of the following Tariff Commission schedules (wherever 
not applicable, so state). 
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Synthetic Organic Chemicals: 
Production and Sales in 1948, Section X. 
Production and Sales in 1949, Section X. 
Production and Sales in 1950, Section X. 
Production and Sales in 1951, Section VI. 
Production and Sales in 1952, Section VI. 
Production and Sales in 1958, Section VI. 
Production and Sales in 1954, Section VI. 
Production and Sales in 1955, Section VI. 


Instructions 


A. If you have become an original manufacturer of antibiotics and/or of 
vitamin Bi since January 1, 1948, through acquisition of another company, sub- 
mit copies of the following reports requested by the United States Tariff Com- 
mission on production and sales of antibiotics and vitamin Bz: (i) your reports 
subsequent to the acquisition, (ii) the earlier reports of the acquired company 
or companies, and (iii) the reports of any companies of which the company or 
companies acquired by you was the acquirer. 

B. If you have not yet submitted to the Tariff Commission your report on 
production and sales of antibiotics and of vitamins in 1955, data for that year 
should nevertheless be supplied along with similar information for earlier years. 
Follow the Tariff Commission’s schedule contained in section VI of “Synthetic 
Organic Chemicals, Production and Sales in 1955” for reporting production and 
sales of antibiotics and of vitamin Bu. 

C. The reporting requirement will be satisfied if you furnish directly to the 
Federal Trade Commission a copy of the report (as corrected) which you sent 
to the Tariff Commission. If you prefer that the Federal Trade Commission 
obtain from the Tariff Commission data you submitted to the latter covering 
antibiotics and vitamin Bi, complete and send to the Tariff Commission the 
attached letter on your own letterhead and also send a copy to the Federal Trade 
Commission. This letter will authorize the Tariff Commission to release the data 
to the Federal Trade Commission. The Tariff Commission does not release to 
other Federal agencies individual company data accepted in confidence unless 
it has been authorized to do so. 


II. PRICES 


A. Submit a complete chronological record of the prices (including established 
or suggested prices, retail or other) of each of the principal dosage forms of 
every antibiotic and vitamin B.: sold or offered for sale by you from January 
1, 1948, through December 31, 1955, together with applicable schedules of dis- 
counts, allowances and all other terms and conditions of sale. 

B. Submit a complete chronological record of the buik prices of each antibiotic 
and vitamin Bi sold or offered for sale by you in bulk from January 1, 1948, 
through December 31, 1955, together with applicable schedules of discounts, al- 
lowances and all other terms and conditions of sale. 


Instructions 


If, since January 1, 1948, you have acquired or merged with a corporation 
which was not producing antibiotics (that is, which was not an “original manu- 
facturer” in the Tariff Commission’s sense), price information on the antibiotics 
and vitamin Bi. sold or offered for sale by that corporation during the years prior 
to its acquisition by you need not be reported at this time. 
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Tit. PATENTS 


A. Submit a list of all patents, domestic and foreign (indicate country), 
owned or controlled by you and in any way related to antibiotics, grouping 
these patents as far as possible by particular antibiotics. Submit the following 
information for each such patent : 

1. Number and date of issue (if not granted state patent pending). 

2. Patentee or patentees. 

3. Subject of invention (stated no more briefly than in Indew of Patents). 

4. How acquired (if by assignment, state relationship to you, as of date 
of assignment, of assignor or asSignors). 

5. Copies of any agreements entered into in connection with the settlement 
of interference proceedings instituted by the Patent Office, in consequence of 
which you were the successful applicant for the patent. 

6. Copies of all license agreements, without regard to their dates and re- 
gardless of whether the licensor was your company or a predecessor in 
interest. 

7. Royalty income, by each year owned. 

8. Years during which patent was worked (used) by you. 

B. Submit a list of all patents, domestic and foreign (indicate country), in any 
way relating to antibiotics, under which you have at any time been licensed or 
are now licensed, grouping these patents as far as possible by particular anti- 
biotics. 

Submit the following information for each such patent: 

1. Number and date of issue. 

2. Patentee or patentees. 

3. Subject of invention (stated no more briefly than in Index of Patents). 

4. Royalty payments by years, from date of license through 1955. 


Instructions 

If a patent is or can be used in the production of more than one antibiotic, list 
it by number in each appropriate place but give details only when the patent in 
question is first listed. A cross-reference will suffice thereafter. 

(If you elect to use it, the following letter is to be mailed to the Tariff Commis- 
sion and a copy thereof, on your business leaderhead, is to be mailed to the 
Federal Trade Commission, Bureau of Economics, Washington 25, D.C.) 


UNITED STATES TARIFF COMMISSION 


Washington 25, D.C. 


GENTLEMEN: You are hereby authorized to release to the Federal Trade Com- 
mission, Washington, D. C., the information on our production and sales of all 
antibiotics and of vitamin Biz which we reported to the Tariff Commission for use 
in connection with its reports on Synthetic Organic Chemicals, Production and 
Sales, for the following years. 


[] 1948 es 
C] 1949 C] 1958 
[] 1950 [] 1954 
CJ) 1951 (als 1955 


In authorizing release of our reports to the Federal Trade Commission, we are 
aware of the fact that the Federal Trade Commission reserves the right under 
section 6 (f) of the Federal Trade Commission Act to make public from time 
to time such portions of the information obtained by it, except trade secrets and 
names of customers, as it shall deem expedient in the public interest. 
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Exuisir 2—FTC Data Request, 1957 
FEDERAL TRADE COMMISSION 


Washington 25, D.C. 
OFFICE OF THE SECRETARY 


GENTLEMEN: The Federal Trade Commission, in the exercise of the powers 
vested in it by section 6 of the Federal Trade Commission Act, and pursuant to 
a resolution adopted and entered of record, has authorized and directed the 
collection of reports from corporations engaged in commerce in antibiotic sub- 
stances. 

In this connection, and pursuant to the powers conferred upon it by law, the 
Commission hereby requires you to file with it not later than July 1, 1957, a report 
containing the information described in the attached report request and instruc- 
tions relating thereto. 

By direction of the Commission. 

Rosert M. PARRISH, 
Secretary. 


Approval expires Sept. 30, 1957 
Budget Bureau No. 56-5701 


FEDERAL TRADE COMMISSION 
Washington 25, D. C. 


Antierotics MANUFACTURING INDUSTRY SURVEY 


This report is required by law. It ig mandatory under authority of the Federal 
Trade Commission Act. 

Not later than July 1, 1957, send one copy of this report to the Federal Trade 
Commission, Bureau of Economics, Washington 25, D.C. 

Each report should be certified as follows: 


Certification 


I, the undersigned, president (or vice president, or other principal officer) of 
the company for which this report is made, declare that this report (including 
any accompanying exhibits) has been examined by me and is, to the best of my 
knowledge and belief, a true report, made in good faith. 


(Signature) (Print name and title) 
(Name and address of reporting company ) (Month, day, year) 


GENERAL STATEMENT 


At this stage of the Federal Trade Commission’s survey of the antibiotics 
- industry, additional information is needed to supplement that already gathered 
from the industry and other sources. 
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A series of industry conferences has developed that— 

1. Some of the information required is available from accounting and 
statistical records and can be reported without difficulty. 

2. Some of the information needed can be readily estimated from operat- 
ing records. 

8. Some of the information may be available only as descriptive and 
analytical statements. 

4, Some of the information is obtainable only by detailed analyses of in- 
active records and the consumption of an inordinate amount of time. 

5. Some of the information may be unavailable. 

If the information called for herein is not available, a statement must be sub- 
mitted indicating whether records have never been kept or have been lost or 
destroyed. If the information is obtainable but an inordinate amount of time 
would be consumed in preparation, an explanation to this effect is required. 
Such explanation should be accompanied by an estimate of the time considered 
necessary to assemble the information. Inasmuch as the substance of these ex- 
planations as to why certain information is not provided is to be made a part 
of our report, all such statements submitted, as well as estimates of time require- 
ments, should be set forth in a letter to the Commission and signed by a principal 
officer of the corporation. 

Reference to schedule numbers should be made in response to schedules IV 
through XIII, and each of such schedules should be started on a separate page. 

The Commission reserves the right under section 6 (f) of the Federal Trade 
Commission Act to make public from time to time such portions of the informa- 
tion obtained by it, except trade secrets and names of customers, as it shall deem 
expedient in the public interest. 


INSTRUCTIONS FOR ScHEDULES I, IJ, anp III 


SCHEDULE I 


Report in schedule I the operation of the departments, divisions, or sub- 
sidiaries of your company that are engaged in any way in the domestic produc- 
tion, finishing, compounding, packaging, and sales of antibiotics. In the column 
eaptioned ‘‘Total” report the total operations, including antibiotics, of this seg- 
ment of your business. In column captioned “Antibiotics” report the data re- 
lating to the domestic production and sale of all products containing antibiotics. 
Where the accounting practices of your company do not normally provide a break- 
down between antibiotic products and other products make such allocations as 
in your judgment will most accurately reflect the results of operations. Indi- 
cate bases of allocation. 

Line 1.—Include in net sales all domestic sales of antibiotics and antibiotic 
products and all export sales from domestic production. The export sales, if 
made to an exporter, should be included at the price received. If exports are 
transferred to another division for export or transferred directly to a foreign 
branch they should be included at approximate market price as though they 
were sales to exporters. Sales should be reported net of all returns, allowances 
and trade discounts. 

Line 4—Production costs.—Include here all costs that you usually consider to 
be production costs including that part of the research and development costs 
considered to be part of production. If amortization of emergency facilities or 
other accelerated depreciation is included, such amounts are to be shown at the 
bottom of the schedule. 
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SCHEDULE II 


Schedule II calls for a breakdown of the data reported under the “Antibiotics” 
column of schedule I. 

A separate sheet should be prepared for each antibiotic manufactured and/or 
sold. With respect to the various types of penicillin, a separate sheet should 
be completed for each of the following : 

Potassium penicillin. 

Proecaine penicillin. 

Benzathine penicillin. 

Penicillin V. 

Combinatien of potassium and procaine penicillin. 
All other penicillins or combinations of penicillins. 

All formulations and products containing two or more antibiotics, except for 
those combinations covered above, are to be grouped together in one schedule 
for reporting purposes. Streptoduocin should also be reported on a separate 
schedule II. Additional copies of schedule II are available upon request. 

Where the accounting practices of your company do not normally provide a 
breakdown between antibiotics, make such allocations as in your judgment will 
most accurately reflect results of operations. Indicate the bases of the alloca- 
tions. 

Line 1—Net sales—bulk antibiotic.—Include here all sales of the antibiotic in 
the bulk form. 

Line 2—Net sales—packaged products under own labels.—Include all sales 
of the antibiotic in dosage forms and formulations, except animal feed supple- 
ments, made under your own labels and trademarks. 

Line 3—Net sales—other packaged products.—Include here all sales of the 
antibiotic in dosage forms and formulations, except animal feed supplements, 
made under the labels of others or unlabeled. 

Line 4—Animal feed supplements.—Include here all sales of animal feed 
supplements containing the antibiotic. . 

Line 5—Total net sales—total of lines 1 through 4.—Sales should be reported 
net of all returns, allowances, and trade discounts. Export sales should be 
included on the basis outlined in instructions for schedule I, line 1. 

Line 9—Research and development.—Report here only the research and devel- 
opment related to production, such as research to improve production methods. 

Line 19—Bulk antibiotic sold.—Report here the cost of the sales reported in 
line 1. 

Line 20—Bulk transferred for use in other products——Report here the cost of 
the bulk antibiotic transferred, e. g., bulk used in products containing more than 
one antibiotic, the sales and costs of which are reported on another schedule II. 

Line 38—Research and development expenses.—Include research and develop- 
ment expense chargeable directly to the antibiotic and also the share of general 
research allocated to this antibiotic. 

Line 42—Other expenses.—Report here any items of cost or expense identifiable 
with or allocated to the antibiotics which have not been included elsewhere in 
the schedule. 

ScHEDULE III 


Schedule III should report the assets of that segment of your business for 
which income and expense are reported in schedule I. For these assets used 
only in part for antibiotics make such allocations as in your judgment will most 
accurately reflect the investment in antibiotics facilities. Furnish the bases of 
allocation. 
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ScHEDULE IV 


A. PRODUCTION AND SALES OF ANTIBIOTICS, 1943-47 


(1) Supply the information on production and sales of antibiotics as sub- 
mitted in each of the following Tariff Commission schedules (wherever not 
applicable so state) : 


Synthetie Organie Chemicals: 

Production and Sales in 19438, Section IX. 

Production and Sales in 1944, Section X. 

Production and Sales in 1945, Section X. 

Production and Sales in 1946, Section X. 

Production and Sales in 1947, Section X. 

(2) For each of the years listed in (1), above, submit for each Ratibiade 

for which production was reported, the quantity and value of interplant trans- 
fers (if there were none, so state). 


B. PRODUCTION AND SALES OF ANTIBIOTICS AND VITAMIN By, 1956 


Submit the information on production and sales of antibiotics and vitamin 
By as called for in the following Tariff Commission schedule (if not applicable, 
so state) : 

Synthetic Organic Chemicals, Production and Sales in 1956, Section VI. 


C. PERIODS OF PRODUCTION 


If you were once an “original manufacturer” (in the Tariff Commission’s 
sense) of any antibiotic the production of which you discontinued at any time 
and which you were not producing on December 31, 1956, (1) indicate the 
periods during which each such antibiotic was produced, and (2) in the case 
of each discontinuance of production of any antibiotic, state the reason for 
discontinuing production. 


Special Instructions for Schedule IV 


“Any antibiotic” includes each penicillin salt (after the different salts began 
to be separately reported), as well as all antibiotics other than penicillin. 

If you have become an original manufacturer of antibiotics and/or of vitamin 
By since January 1, 1948, through acquisition of another company, submit 
copies of the following reports requested by the United States Tariff Commission 
on production and sales of antibiotics and vitamin Br: (1) your reports subse- 
quent to the acquisition, (2) the earlier reports of the acquired company or 
companies, and (8) the reports of any companies of which the company or 
companies acquired by you was the acquirer. 

If you have not yet submitted to the Tariff Commission your report on pro- 
duction and sales of antibiotics and of vitamin Bs in 1956, data for that year 
Should be supplied to us along with the information requested for earlier years. 
Follow the Tariff Commission’s schedule contained in Section VI of “Synthetic 
Organic Chemicals Production and Sales in 1956” for reporting production and 
sales of antibiotics and of vitamin Bu. 

The reporting requirement will be satisfied if you supply directly to the Fed- 
eral Trade Commission a copy of the report (as corrected) which you sent to 
the Tariff Commission. If you prefer that the Federal Trade Commission obtain 
from the Tariff Commission data you submitted to the latter covering anti- 
biotics and vitamin Bi», complete and send to the Tariff Commission the attached 
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letter on your own letterhead and also send a copy to the Federal Trade Com- 
mission. This letter will authorize the Tariff Commission to release the data 
to the Federal Trade Commission. The Tariff Commission does not release to 
other Federal agencies individual company data accepted in confidence unless 
it has been authorized to do so. 

(If you elect to use it, the following letter is to be mailed to the Tariff Com- 
mission and a copy thereof, on your business letterhead, is to be mailed to the 
Federal Trade Commission, Bureau of Economics. Washington 25, D. C.). 


UNITED STATES TARIFF COMMISSION 
Washington 25, D. C. 


GENTLEMEN: You are hereby authorized to release to the Federal Trade Com- 
mission, Washington, D. C., the information on our production and sales of all 
antibiotics and of vitamin Bi: which we reported to the Tariff Commission for use 
in connection with its reports on “Synthetic Organic Chemicals, Production and 
Sales,” for the following years: 


{] 1948 C] 1946 
{] 1944 [] 1947 
[] 1945 (] 1956 


In authorizing release of our reports to the Federal Trade Commission, we are 
aware of the fact that the Federal Trade Commission reserves the right under 
section 6 (f) of the Federal Trade Commission Act to make public from time to 
time such portions of the information obtained by it, except trade secrets and 
names of customers, as it shall deem expedient in the public interest. 


SCHEDULE V 
PRICES 


A. Submit a complete chronological record of the prices (including established 
or suggested prices, retail or other) of each of the principal dosage forms of every 
antibiotic and of vitamin B. sold or offered for sale by you from January 1, 1948, 
through December 31, 1947, and during the calendar year 1956, together with ap- 
plicable schedules of discounts, allowances, and all other terms and conditions of 
sale. 

B. Submit a complete chronological record of the bulk prices of each anti- 
biotic and of vitamin By sold or offered for sale by you in bulk from January 1, 
1943, through December 31, 1947, and during the calendar year 1956, together with 
applicable schedules for discounts, allowances, and all other terms and conditions 
of sale. 

Notre.—If, between January 1, 1948, and December 31, 1956, you acquired, acquired 
control of, or merged with, a corporation which was not producing antibiotics (that is, 
which was not an “original manufacturer” in the Tariff Commission’s sense), price infor- 
mation on the antibiotics nad vitamin Biz sold or offered for sale by that corporation dur- 
ing the years prior to your acquisition of its control, its acquisition by you, or its merger 
with you, need not be reported. 

ScHEDULE VI 


LOCATION OF PLANTS 


State the location of each of your domestic and foreign antibiotic facilities as 
of December 31, 1950, and December 31, 1956, and indicate in each case the 
operations performed; i. e., manufacturing, processing, packaging, labeling. 


298 ECONOMIC REPORT ON ANTIBIOTICS MANUFACTURE 


ScHEDULE VII 


EXPENDITURES FOR NEW PLANT AND EQUIPMENT 


Report for each calendar year from 1943 to 1956, inclusive, capital expenditures 
for domestic antibiotics plant and equipment as follows: 
1. New construction (buildings and other structures). 
2. Additions and alterations (to buildings and structures). 
3. New equipment installed in both old and new buildings. 
In instances of multiple use, provide estimates of expenditures for the portions 
used in antibiotics operations. 


SCHEDULE VIII 


CONSTRUCTION FOR NATIONAL DEFENSE 


A. For the period 1943-45, inclusive, supply the following information (when 
applicable) with respect to each antibiotics facility constructed or financed 
either by you, by an entity subsequently acquired by you, or by the Government, 
and operated by you or by an entity subsequently acquired by you. 

. Plancor No. 

. Certificate of Necessity No. 

. Location of facility. 

. Total cost of authorized facility. 

. Amount of public funds expended. 

Amount authorized for rapid tax amortization. 
Date of completion of authorized facility. 

B. For the period since World War II supply the following information with 
respect to each facility purchased or leased from the Government by you or by 
an entity subsequently acquired by you and utilized for antibiotics manufacture, 
processing or packaging (whether or not originally constructed as an antibiotics 
facility ) : 

1. Plancor No. 

2. Location of facility. 

3. Total cost of facility. 

4. Total purchase price or lease terms. 

5. Amount authorized for rapid tax amortization. 

C. For the period 1950-58, inclusive, supply the following information with 
respect to antibiotics facilities authorized by the Government for construction 
by you or by an entity subsequently acquired by you: 

. Certificate of Necessity No. 

. Location of facility. 

. Total cost of authorized facility. 

. Amount authorized for rapid tax amortization. 
. Date of completion of authorized facility. 


ASIP wWNHH 
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SCHEDULE IX 
PURCHASES OF ANTIBIOTICS 


Submit a list of all purchases of all antibiotic products, whether in bulk or 
dosage form, which you made 6 months prior to, during, and 6 months after 
any period during which you were an “original manufacturer” (as the Tariff 
Commission uses the term, “original manufacturer”) of any antibiotic substance, 
giving the following information with respect to each such purchase: 
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1. The name and address of your supplier. (If your supplier was other 
than the original manufacturer of the antibiotic purchased, also give the 
name and address of the original manufacturer.) 

2. The generic name of the antibiotic purchased. 

3. A product description sufficient to permit a determination of the exact 
form in which you received delivery of the antibiotic. 

4, The unit price you paid. 

5. The effective date of this price. 

6. The total quantity of the antibiotic purchased. 

7. The invoice value applicable to 6. 

8. If any of the purchases which you are required by this schedule to 
report were made under a purchase contract covering a specified time period, 
submit a copy of each such contract. 


NoTe.—You are required to report under this schedule only purchases made with the 
intent of reselling, either before or after further processing. 


SCHEDULE X 
EMPLOYEE CLASSIFICATION 


For each year 1948 through 1956, provide (a) the number of employees as 
of the close of the year, and (b) the number of man-years utilized, in each of the 
following antibiotics activities: 


A. Research and development. 
B. Manufacturing. 

C. Detailmen. 

D. Compounding and packaging. 
E. All other. 


Notre.—Research-development includes basic and applied research in the sciences (includ- 
ing medicine) and in engineering, and design and development of prototypes and processes. 
It doe not include non-technological activities and technical service, such as quality control, 
routine product testing, market research, sales promotion, sales service, geological or geo- 
physical exploration, or research in the social sciences of psychology. (‘This is the defini- 
tion used by the Bureau of Labor Statistics in the publication for the National Science 
Foundation entitled, Science and Engineering in American Industry, NSF 56-16.) 


SCHEDULE XI 


SALES IN 1956 


A. Indicate for 1956 the approximate percent of total net sales of antibiotic 
products to each of the following classes of customers : 
1. Bulk sales: 
a. Processors and packagers. 
b. Original manufacturers. 
e. Animal feed producers. 
d. Other (specify). 
2. Dosage forms: 
a. Federal Government. 
b. State and local governments. 
c. Hospitals and institutions. 
d. Wholesale outlets. 
e. Retail outlets. 
f. Original manufacturers. 
g. Other (specify). 
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B. Describe, with respect to the detailmen you employ : 
1. Method by which they are compensated; e. g., salary, salary plus com- 
mission, ete. 
2. Policy followed in setting up territories. Include extent of coverage 
of U. S. and number of men in each territory. 


SCHEDULE XII 
PRICING POLICY FOR ANTIBIOTICS 


1. Name the organizational group, or person, including titles and positions, 
responsible for determining the price at which you offer each antibiotic product 
for sale. 

2. Describe any consultative or other procedures which the above named group 
or person customarily employs prior to arriving at the price at which you offer an 
antibiotic product for sale. 

3. Briefly describe the factors customarily given consideration by the respon- 
sible person, or group, in setting the price of an antibiotic product. 

4, Briefly explain, relative to your pricing procedures for legend drugs, any 
differences which may exist between those applicable to such drugs containing 
antibiotics and those applicable to such drugs which do not contain any anti- 
biotic. 

5. Briefly explain, relative to your pricing procedures for antibiotic products, 
any differences which may exist between those applicable to sterile bulk prod- 
ucts and those applicable to dosage forms for human medication. 

6. Briefly explain, relative to your pricing procedures applicable to antibiotic 
dosage forms for human medication, any differences which would customarily 
appear under the following sets of circumstances: 

(a) The establishment of the initial price for the first form in which you 
offered a newly discovered antibiotic, not previously offered by any other 
company, contrasted with the establishment of the initial price on a product 
of which at least one virtually identical or closely substitutable product is 
already being offered by others. 

(b) The increase of the price of a product for which you and others offer 
identical or closely substitutable products as contrasted with the decrease 
of the price for such a product. 

7. When you reduce a price on a legend antibiotic drug, what has been your 
policy with respect to retroactive credits to your customers for stocks on their 
shelves, purchased at higher prices, or, if their customers are resellers, on the 
shelves of their customers? 

8. What has been your practice with respect to the returns, allowances, and 
credits on antibiotic drugs which carry expiration dates and what consideration 
is given to this practice in determining price? 

9. If, since you began to offer legend antibiotic products for sale, you have - 
changed the pricing policies you formerly followed in pricing legend drugs in 
any way not covered in your preceding answers to questions in this schedule, 
please explain briefly. 

NOTES 


1. In this schedule the term “price” is intended to mean any series of prices for various 
quantities and to all the customer classes to which you offer the product. If your policies 
with respect to quantity or customer class differentials have varied since you began to offer 
antibiotic products, please include in your answer to question 9 a description of such 
changes, 

2. If, in response to the report request dated July 20, 1956, you feel that you have 
answered any of the questions in this schedule, you may simply refer to the appropriate 
section of that response in order to comply with this schedule. 
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SCHEDULE XIII 


HISTORICAL DATA FOR YEARS 1943 THROUGH 1949 


The purpose of this schedule is to provide an opportunity to furnish informa- 
tion which may not fit readily into schedules I through XII, but which may modify 
or amplify certain of them. It is regarded as possible that some companies may 
wish to furnish additional information relative to the developmental period of 
the industry. Such information, for example, might clarify certain of the key 
relationships, such as those between costs and prices or those involving mergers 
or acquisitions. 

It is recognized that not all companies have maintained detailed records for 
this period comparable, for example, to schedules I to III. Therefore, no 
specific outline is suggested for reporting purposes. However, if full informa- 
tion is available it may be reported in the tabular form indicated for schedules 

mo ETI. 

The Commission may request further detail on these years if, after examina- 

tion of the information submitted, such information appears necessary. 


APPENDIX II 


Discovery and Development of Penicillin 


Dr. Fleming’s early work.—In one of his last papers, Sir Alexander Fleming, 
the discoverer of penicillin, began by saying: 


The word “Penicillin” first appeared in print 25 years ago in the first ar- 
ticle I wrote on “The antibacterial properties of a mould.” There I gave the 
antibiotic spectrum, the remarkable power of diffusion into agar and of in- 
hibiting growth, and facts as to the absence of toxicity so far as could be as- 
certained in the crude, unpurified fermentation liquor, for that was all we 
had in those days. It was the first substance I had ever found to be more 
lethal to organisms like staphylococci or streptococci than it was to leuco- 
eytes and this to me was an indication that it approached more nearly the 
ideal chemotherapeutic agent than any of the antibacterial chemicals that 
had been described. However, there was no means of knowing how good it 
really was and in those days I do not think that anybody suspected that a 
substance would ever be found which would be as good as penicillin has 
proved to be.* 


It was only “after various ups and downs,” as Fleming put it in 1945, that it 
became possible to say “now * * * we have penicillin’.? Much of the history of 
penicillin is thus a record of vicissitudes that delayed and limited the full 
recognition of its worth. ‘The story of penicillin,’ he said in 1946, referring 
not only to its discovery but also to the course of its development into a chemo- 
therapeutic agent in worldwide use, “has often been told in the last few years” ; * 
and it continued to be told in succeeding years, by him and by others, with dif- 
ferences in emphasis and interpretation, and by some with remarkable inac- 
curacy. 

The commonest error in connection with Fleming’s first report—an error still 
extremely prevalent—is that the famous observation was first made in 1929, 
the year in which the article reporting it was published. The error seems to 
have been so solidly established that when, years later, Fleming wrote* of his 
encounter with the penicillium as having occurred in September 1928, and did 
not call attention to the persistent error, the correction was ignored or went un- 
noticed. 

The discovery and development of penicillin has been characterized as “not 
merely the greatest achievement in chemotherapy, but also one of the greatest 
achievements in the whole history of medicine’. A writer on scientific subjects 


1 Foreword to “Penicillin: A Symposium,” The Practitioner, January 1955, vol. 174, p. 5. 
What was “aimed at in this symposium, published to coincide with the twenty-fifth anni- 
versary of the publication of Sir Alexander Fleming’s first report on his discovery, [was] 
to provide a critical review of the present status of penicillin. * * *” (Op. eit., p. 1.) 

2 Harvard Alumni Bulletin, vol. 47, p. 580. 

$8 Sir Alexander Fleming, ‘Chemotherapy, Yesterday, Today, and Tomorrow,” the Linacre 
Lecture delivered at Cambridge on May 6, 1946, Cambridge University Press, 1946, p. 30. 

No later, however, than the article, ‘The Discovery of Penicillin,’ British Medical 
Bulletin, vol, 2 (1944), No. 1, p. 4. 

5T. I. Williams, The Chemical Industry, Penguin Books, Melbourne, London, Baltimore, 
1953, p. 1389. 
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for the general public has expressed the opinion that “Fleming’s first report 
belongs among the classic scientific observations of all times’. An eminent 
American mycologist several years ago characterized as “now famous’ ™ the 
paragraph with which Fleming began his paper announcing the discovery and 
naming of penicillin. Because of its intrinsic interest and historic importance 
the substance of Fleming’s account of his discovery will be summarized here, 
largely in quotations from his 1929 and later writings: 


While working with staphylococous variants a number of culture plates 
were set aside on the laboratory bench and examined from time to time. 
In the examinations these plates were necessarily exposed to the air and 
they became contaminated with various micro-organisms. It was noticed 
that around a large colony of a contaminating mould the staphylococcus 
colonies became transparent and were obviously undergoing lysis. * * * 

Subcultures of this mould were made and experiments conducted with a 
view to ascertaining something of the properties of the bacteriolytic sub- 
stance which had evidently been formed in the mould culture and which had 
diffused into the surrounding medium. It was found that broth in which 
the mould had been grown at room temperature for 1 or 2 weeks had 
acquired marked inhibitory, bactericidal and bacteriolytic properties to 
many of the more common pathogenic bacteria. 

A number of other moulds were grown in broth at room temperature and 
the culture fluids were tested for antibacterial substances at various intervals 
up to 1 month. * * * 


Besides five “other moulds,” eight strains of penicillin were grown and examined. 
Concerning the strains in question Fleming stated: 


Of these it was found that only one strain of penicillium produced any 
inhibitory substance, and that one had exactly the same cultural characters 
as the original one from the contaminated plate. 

* * * *% * oe of 


In the rest of this article allusion will constantly be made to experiments 
with filtrates of a broth culture of this mould, so for convenience and to 
avoid the repetition of the rather cumbersome phrase, ‘‘Mould broth filtrate,” 
the name ‘“‘penicillin” will be used. This will denote the filtrate of a broth 
culture of the particular penicillium with which we are concerned. 


Of this penicillium, Fleming said that “in all its characters it most closely 
resembles P. rubrum.” This apparently was based on “suggestions as to the 
identity of the penicillium” that were offered by the mycologist who, with two 
colleagues, gave “help in carrying out some of the experiments described.” * 


6 Steven M. Spencer, Wonders of Modern Medicine, McGraw-Hill Book Co., Inc., New 
York, N. Y., 1953, p. 97. 

7 Kenneth B. Raper, “A Decade of Antibiotics in America,’’ Mycologia, vol. 44, No. 1, 

~ 2s 
; 8 Cf, Sir Alexander Fleming, ‘‘Antiseptics, Old and New” (A Mayo Foundation Lecture 
given July 16, 1945), Proceedings of the Staff Meetings of the Mayo Clinic, vol. 21, No. 4 
(February 20, 1946), p. 71: “* * * We had a little trouble with identification of the 
mould. Our mycologist who put it through its paces called it ‘Penicillium rubrum.’ But it 
made a bright yellow color and even, with my small knowledge of Latin, I thought ‘rubrum’ 
- did not mean ‘yellow.’ That name was wrong. Then the mould went to a famous mycolo- 
gist on the continent of Europe and she called it something else. I have forgotten what, 
but she was wrong, too. Then the mould was sent to Dr. Thom, here in the United States of 
America, and he identified it as ‘penicillium notatum’ although it wasn’t quite identical 
with his stock culture. He was right and lots of strains of penicillium notatum have been 
found since which make penicillin.” 
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Using suitable techniques for “examining for inhibitory power,” the broth fil- 
trate was tested against various microbes, and the results were recorded. From 
these it was said to be “clear that penicillin containg bacterio-inhibitory sub- 
stance which is very active toward some microbes while not affecting others.” 
This selectivity was exhibited in the tables presented, but certain bacteria were 
singled out for comment. Staphylococci, Streptococcus pyogenes, and pneu- 
mococci were reported to be “‘very sensitive.’ Gonococci and meningococci were 
among those said to be sensitive.° 

Summarizing the discussion of the toxicity of penicillin it was said: “Peni- 
cillin is nontoxic to animals in enormous doses and is nonirritant. It does 
not interfere with leucocytic function to a greater degree than does ordinary 
broth.” The summary of the paper “suggested that it may be an efficient 
antiseptic for application to, or injection into, areas infected with penicillin 
sensitive microbes.” Somewhat earlier it had been stated, “Experiments in 
connection with its value in the treatment of pyogenic infections are in 
progress.” The usefulness of penicillin to the bacteriologist for the isolation 
in cultures of nonsensitive organisms from bacteria sensitive to penicillin was 
also noted.” 

Fleming preserved the culture—in fact he saved the contaminated culture 
plate to which the activity of the mold had attracted his attention—and he 
probably deposited it in the National Collection of Type Cultures. At any rate, 
Dr. Charles Thom believed it to have been there in 1930." Of the original 
Fleming strain of Penicillium notatum, it was reported in 1949: “Fleming has 
maintained his fungus ever since its original isolation and has freely dis- 
tributed subcultures to other investigators. In the British National Collection 
of Type Cultures it now figures as No. 4222, though an earlier isolate appeared 
in the 1931 catalog as No. 3127.” * The culture with which Florey and Chain 
began their work was descended from Fleming’s strain, but “had been main- 
tained for some years in the School of Pathology, Oxford.’ Although it 
was stated by Fleming in 1945 that when “Florey, Chain, and their co-workers 
at Oxford took up the work [on penicillin] they got our cultures,’ “ he was 
probably thinking of a time Somewhat later than the beginning of the Oxford 
investigations. At any rate, in a Lancet article of 1941 it was said: “The 
strains of penicillium used in this work have been obtained from Prof. Alex- 
ander Fleming of St. Mary’s Hospital, London.” * 


® Writing years later of the specific action of penicillin as first observed, Fleming noted 
as “interesting that the bacteria originally found to be sensitive in this way to the crude 
culture fluid are the same as those which have subsequently been found to be affected by 
concentrated penicillin used clinically.” (Alexander Fleming, ‘‘The Discovery of Penicil- 
lin,” British Medical Bulletin, vol. 2 (1944), No. 1, p. 5.) 

10 Fleming, Alexander, “On the Antibacterial Action of Cultures of a Penicillium, With 
Special Reference to Their Use in the Isolation of B. Influenzae,’ The British Journal of 
Experimental Pathology, vol. X, No. 4 (August 1929), pp. 226-236. 

11 Charles Thom, ‘‘Mycology Presents Penicillin,’ Mycologia, vol. 37 (1945), p. 461. 

22 Wlorey, H. W.; Chain, E.; Heatley, N. G.; Jennings, M. A.; Sanders, A. G.; Abraham, 
BH. P.; Florey, M. E., Antibiotics, 2 vols., Oxford University Press, London, New York, 
Toronto, 1949, p. 673. (This work will hereinafter be cited: H. W. Florey, et al., Anti- 
biotics, p. —.) 

13H, W. Florey et al., Antibiotics, p. 673, Cf. also Leslie A. Falk, “The History of Peni- 
cillin, Journal of the American Medical Association, vol. 124, No. 17 (April 22, 1944), 
p. 1219. 

14 Antiseptics, Old and New (A Mayo Foundation Lecture given July 16, 1945), proceed- 
ings of the staff meetings of the Mayo Clinic, vol. 21, No. 4 (February 20, 1946), p. 72. 

% Abraham, H, P.; Chain, H.; Fletcher, C. M.; Florey, H. W.; Gardner, A. D.; Heatley, 
N. G.; and Jennings, M. A., “Futher Observations on Penicillin,’? Lancet 2, August 16, 1941, 
D. 478, D..2. 





APPENDIXES 305 


In a paper published in 1944, Fleming wrote: 


I have used penicillin constantly since 1929 for differential culture, but 
its use for practical therapeutic purposes remained in abeyance until the 
Oxford workers started their investigations.” 


CONTRIBUTIONS OF RAISTRICK AND HIS ASSOCIATES 


In 1930, at the London School of Hygiene and Tropical Medicine, Prof. Harold 
Raistrick and co-workers undertook certain chemical studies of the products of 
Fleming’s mould which, in circumstances to be recounted later, had been identified 
by Dr. Charles Thom of the United States Department of Agriculture. Penicillin 
was produced in a synthetic medium and work was done on the isolation of the 
antibacterial substance. In the judgment of Florey, expressed in 1949, “ 
portant observations were made on the active substance in the metabolism fluid 
and on its behavior toward solvents. However, penicillin was not extracted and 
no further investigation was made of its chemical or biological properties since 
at that time it was believed to be too labile to make further study worthwhile.” ” 
Nevertheless, without its having been realized, “the first steps toward a success- 
ful extraction had in fact been taken.” * 

When, therefore, in 1938, Chain and Florey were considering whether or not to 
undertake the study of penicillin, the report of Raistrick and his co-workers 
helped them to a decision. Chain and Florey described the influence of Raistrick 
and his co-workers as follows: 


* * * both Fleming (1932) and Clutterbuck, Lovell & Raistrick (1932), 
had stated that pencillin activity might, under certain conditions, be retained 
in the culture medium for some weeks. It seemed worthwhile to see whether 
appropriate conditions could be found for extracting the substance, so that 
further examination of both its biochemical and biological properties could 
be made.” 


“Although,” it has been said, “there was nothing sensational about” the dis- 
coveries at the London School of Hygiene, “it must be remembered that the prop- 
erties described by Raistrick and his colleagues are fundamental to the methods 
adopted later for the concentration and purification of penicillin and, indeed, 
still remain the basis of manufacturing processes.” * 

During the years that penicillin was being neglected as a practical medical 
discovery it was, in that aspect, as much neglected by its discoverer as by anyone 
else who was aware of it. In general terms, Fleming attributed the failure of 
the early investigators to develop pencillin as a therapeutic agent to inadequate 
assistance. In his 1946 Linacre Lecture, Fleming told how penicillin was dis- 
covered and what was shown as to its antibacterial properties by the experiments 
he was able to make. But, he explained, “I failed to concentrate this substance 
from lack of sufficient chemical assistance. * * *” Further, reverting to this 
subject in the same lecture, he said: 





16 Alexander Fleming, “The Discovery of Pencillin,”’ British Medical Bulletin, vol. 2 
(1944), No. 1, p. 5. 
17H, W. Florey et al., Antibiotics, p. 65. 


18 Tpid., p. 634. 
198. Chain and H. W. Florey, ‘The Discovery of the Chemotherapeutic Properties of 


Penicillin,” British Medical Bulletin, vol. 2 (1944), No. 1, p. D. 

2 A. Jy, Bacharach and B. A. Hems, “Chemistry and Manufacture of Penicillin,’ Peni- 
cillin, Its Practical Application, Sir Alexander Fleming, general editor, 2d ed., Butterworth 
& Co., Ltd., London, 1950, p. 26. (This book will hereinafter be cited: Penicillin, Its Prac- 


tical Application, 2d ed., London.) 
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* * * Discovered here in 1928 in a hospital bacteriological laboratory 
where the chemical facilities were lacking, then worked on in a biochemical 
laboratory where the bacteriological cooperation failed, [penicillin] had to 
wait 10 years before it was concentrated sufficiently to show its remarkable 
chemotherapeutic properties. Even then there were difficulties in develop- 
ing it in this country, with the result that the Americans have reaped a large 
part of the reward.” 


Again, having noted that his “earliest attempts at concentration failed,” 
Fleming summarized the findings of Raistrick and his colleagues: “They dem- 
onstrated,” he said, that penicillin “could be extracted from the culture 
fluid * * *, but in their process a large part of the penicillin was destroyed. 
Difficulties arose, however, over bacteriological cooperation, which was abso- 
lutely necessary, as there was and still is, no satisfactory method other than a 
bacteriological one for testing the potency of the extracts. In 1932 they pub- 
lished their results and transferred their attention to other problems.” I had 
failed to advance further for the want of adequate chemical help. Raistrick and 
his associates had lacked bacteriological cooperation, so the problem of the 
effective concentration of penicillin remained unsolved.” * 

But it is not only in connection with their efforts toward the concentration 
and purification of penicillin that Raistrick and his co-workers have a place in 
the history of penicillin. Another contribution toward the eventual quantity 
production of penicillin, although unwitting and of unforseeable Significance 
when made, was Raistrick’s sending to Dr. Thom for identification a culture 
of Fleming’s mold. How this occurred was reported by Thom in 1945 as part 
of an account of the coming of “the Fleming organism” to America and its 
first 10 years here: 


On April 29, 19380, Prof. Harold Raistrick of the School of Tropical Medi- 
cine in London wrote as follows to Thom in Washington: ‘The other culture, 
labeled P. rubrwm(?), was received from the British collection of type 
cultures and bears their catalog number 3127. It was originally isolated 
by Dr. Alexander Fleming of St. Mary’s Hospital, London, and is described 
by Fleming in a paper™ * * *, I am carrying out a piece of work on this 
species and since, aS you will see if you refer to the original paper, this 
diagnosis of it is very doubtful, I wonder if you would be good enough 
in this case to let me have an authoritative statement as to its identity.” 
A culture of the Fleming organism accompanied the letter. * * * Raistrick’s 
laboratory began work with it before May 1, 1980, hence it was available 
to any worker. Raistrick, from his own knowledge of molds, did not ac- 
cept the identification of this organism as P. rubrum. * * * To that letter, 
I replied (June 30, 1930): ‘‘For this other culture, however, I am obliged 
to you Since I was anxious to know what Fleming’s organism would be like. 
I have cultivated it under several different conditions and cannot agree 
with his nomenclature as P. rubrum. * * * In fact, I believe his culture 
although showing some divergences in culture reaction, to be closer to 


21 Sir Alexander Fleming, ‘““Chemotherapy Yesterday, Today, and Tomorrow,” the Linacre 
Lecture delivered at Cambridge, Cambridge University Press, 1946, pp. 80, 87. 

2 “According to Ludovici, ‘the mycologist who had been assisting’ Raistrick and his 
associates ‘was killed in an accident and in the autumn of 1982, the bacteriologist in the 
team resigned his appointment to go elsewhere,’” (L. J. Ludovici, Fleming, Discoverer 
of Penicillin, Andrew Dakers, Ltd., London, 1952, pp. 146-147.) 

23 Alexander Fleming, ‘‘History and Development of Penicillin,’ Penicillin, Its Practical 
ApPlication, 2d ed., London, pp. 11-12. 

*4 This was his first paper on penicillin, published in the British Journal of Experimental 
Pathology, vol. X, No. 4 (August 1929). 
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P. notatum of p. 264 in my book than to the group discussed on pp. 249 to 
250 as indicated by the nomenclature used” (by Fleming). The culture 
received from Raistrick was put in the Thom collection as 144.5112.1. The 
corrected name appears in Raistrick’s papers and was accepted by Fleming 
in his 1932 paper.” Nevertheless, requests for P. rubrum were frequently 
received during the several succeeding years. TheSe were usually an- 
swered by sending the Fleming culture and a letter explaining the corrected 
nomenclature.” * 


Although Raistrick’s research led to the correct identification of the peni- 
cillium mold, it did not produce penicillin in concentrated form, and progress 
in solving this problem thereafter lagged for several years. 


INVESTIGATION OF PENICILLIN AT OXFORD 


H. W. Florey, who took a leading part in the discovery of the therapeutic 
properties of penicillin at Oxford in 1940, states that in 1929 he became interested 
in another discovery of Fleming known as lysozyme.” 

How study of the antagonism of lysozyme to certain bacteria eventually led to 
further research on penicillin has been described by the Oxford collaborators as 


follows: 


In the course of numerous discussions on lysozyme, and on the phenomenon 
of microbial antagonism, Chain and Florey decided to undertake jointly a 
systematic investigation of some of the antibacterial substances produced 
by micro-organisms. In view of this program they submitted an application 
for financial help to the Natural Sciences Division of the Rockefeller 
Foundation in November 1939, * * *.* 


In making their application for a grant, Florey and Chain stated: 


In view of the possibly great practical significance of antagonistic sub- 
stances produced by bacteria against bacteria it is proposed to study 
systematically the chemical fundamentals of the phenomenon with the aim 
of obtaining in purified state and suitable for intravenous injection bacterio- 
lytic and bactericidal substances against various kinds of pathogenic 
micro-organisms. A beginning has already been made here with the puri- 
fication of the bactericidal substances produced by Penicillium notatum and 
B. pyocyaneus. The experience obtained in the Department during the pro- 
longed studies on the mechanism of the action of lysozyme, is of course, of 
great value in the study of these problems which are so closely related to 
and, in fact, emerged from the lysozyme studies.” 


%Cf, Sir Alexander Fleming, “History and Development of Penicillin,” Penicillin, Its 
Practical Application, 2d ed., London, p. 14: “In 1930 Raistrick had sent a culture of the 
strain, which he had received from me, to Thom to confirm his suspicion that the name first 
applied to it (P. rubum) was wrong.”’ 

26 Charles Thom, “Mycology Presents Penicillin,’ Mycologia, vol. 37 (1945), pp. 461-462. 

27 Cf, H, W. Florey, “Penicillin: Its Development for Medical Uses,” Nature, January 8, 
1944, vol. 153, p. 40, where Florey described lysozyme as “a substance occurring in many 

animal tissues and secretions which has the power of dissolving certain air bacteria, though 
unfortunately none which produces disease.’ Dorland’s Illustrated Medical Dictionary, 
23d ed. (1957), gives the following medical definition: ‘Lysozyme, a crystalline, basic 
protein, which is present in saliva, tears, egg white and many animal fluids and which 
functions as an antibacterial enzyme, especially effective in lysing Micrococcus lysodeik- 
ticus.” 

2H. W. Florey, et al., Antibiotics, p. 636. 

2H. W. Florey, et al., Antibiotics, p. 637. 


471425—58 21 
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Work initiated with the financial support of the Rockefeller Foundation led 
to the discovery at Oxford of the therapeutic properties of penicillin in 1940. 
Following the success of these studies, statements concerning the motivation 
of the work frequently appeared. Since these were often erroneous the collabo- 
rators have on various occasions undertaken to set the record straight, as in 
the passage below: 


Although in the application the possible practical results were brought 
forward, the research was conceived of as an academic study with possibili- 
ties of wide theoretical interest, both chemical and biological. Statements 
have appeared from time to time that the work on penicillin was started 
as an attempt to contribute to the treatment of septic wounds in World 
War II. This is quite erroneous, as the work was planned well before the 
outbreak of war, and in any case there was then no idea that penicillin 
could play the important part which it has done in the treatment of war 
injuries.” 

As Florey and his collaborators report in their two-volume work, Antibiotics, 
‘it was not until late in 1989 that work on penicillin was taken up vigorously 
by Chain, Florey, and Heatley.” * One of the important achievements of this 
early stage was a new assay method devised by Heatley. ‘“‘After an antibiotic 
effect has been detected * * * little or no progress can be made in the further 
investigation of the agent or agents responsible for the effect without suitable 
assay methods. These are necessary not only for each step in the isolation of 
the antibiotic, but in almost every kind of investigation on it, for instance for 
pharmacological and certain chemical studies, methods of purification and 
production.” * 

“At first the mould was grown in flasks” * while “‘the initial experiments were 
concerned with finding reproducible conditions for obtaining penicillin in what 
was then considered a satisfactory yield, and in a preliminary study of its chemi- 
cal properties. This work, carried out by Chain and Heatley, confirmed and 
extended the observations of Clutterbuck, Lovell, and Raistrick” * reported in 
1932. An important advance in knowledge was made when the experiments of 
the earlier workers were repeated and their observations confirmed, and it was 
demonstrated that penicillin could be extracted from the crude brew and partially 
purified.® . 


Attempts to obtain penicillin salts in a dry state showed that aqueous 
penicillin solutions could be evaporated to dryness in vacuo from the frozen 
state without loss of activity, and eventually a small amount of hygroscopic 
brown powder, containing the sodium salt of penicillin, was obtained. * * * 
It is interesting to note that solvent transfer and lyophilization still [1949] 
form the basis of all commercial penicillin production processes. The brown 


30 Tbid., p. 637. 

2 Tbid. 

33H, W. Florey et al., Antibiotics, p. 110, ch. 3 of this work, pp. 110-199, was written 
by N. G. Heatley. Cf. Dr. John F. Fulton, “Penicillin, Plasma Fractionation, and the 
Physician,” the Atlantic Monthly, September 1945, p. 109: “Dr. Norman Heatley of 
Florey’s team must be given principal credit for developing methods of assay. The 
strength of each new strain had to be tested; without testing methods it would have been 
impossible to determine the effectiveness of the different molds or of the various methods 
of extraction.” Cf. also, the editorial, ‘The History of Penicillin,’ Journal of the Ameri- 
can Medical Association, vol. 126, No. 3 (September 16, 1944), p. 170. 

3H. W. Florey, “Penicillin: Its Development for Medical Uses,’ Nature, January 8, 
1944, vol. 153, No. 3871, p. 41. 

#4 H. W. Florey et al., Antibiotics, pp. 637-638. 

3H. W. Florey, “Penicillin: Its Development for Medical Uses,’ Nature, January 8, 
1944, vol. 153, No. 3871, p. 41, which see for details. 
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powder containing the sodium salt of penicillin retained its activity for 
some time when kept dry. Its antibacterial power was high when com- 
pared with that of other antibacterial agents such as the acridine derivatives 
and the sulphonamides, as it inhibited the growth of staphylococci at 
a dilution of 1 in 500,000. At that time the enormous power of pure 
penicillin was not realized and it was thought possible, in view of the 
great antibacterial strength of the brown powder, that the sodium salt 
of penicillin had been obtained in a fairly high degree of purity. In 
actual fact subsequent investigations showed that the preparation had con- 
tained less than 1 percent of penicillin.” 


As soon as it became possible, bacteriological work was carried on concur- 
rently with the study of the physical and chemical properties of penicillin. 
“While this chemical and bacteriological work was proceeding, investigations 
were also made on its pharmacological properties,” in connection with which 
Florey listed the following as “the most important points” : 


(1) Lack of toxicity to mice and other animals. 

(2) White blood cells (leucocytes) and tissue cultures (body cells grown 
in glass vessels) are unaffected by concentrations of penicillin some hun- 
dreds of times greater than that necessary to stop bacterial growth. 

(3) The activity of penicillin is not affected by pus, blood or the break- 
down products of dead tissues. 

(4) Its activity is little affected by the number of bacteria present. 

(5) It is absorbed after injection into muscle or beneath the skin and 
from the small intestine. 

(6) It cannot be given by stomach owing to the presence of acid there, 
nor by the large bowel owing to the presence of bacteria which destroy it. 

(7) It is very rapidly excreted by the urine, hence large and frequent 
doses have to be given. It is also excreted in the bile. 

Points 3 and 4 are in sharp contrast to the sulphonamides. 

It is most important that penicillin hag little effect on the white blood 
cells or leucocytes, for it is to these that we owe a great deal of the capacity 
of the body to combat infection. * * * 

* * * in combating bacteria which have gained entry to the body, [peni- 
cillin] * * * gtops the growth of the germs, while the white blood cells 
ingest them and kill them off.” 


Laboratory experiments known as mouse protection tests * were conducted, 
regarding the first of which it has been stated: 


imperfect as it was, [it] sufficed to give grounds for the hope that penicillin 
would have some systemic chemotherapeutic properties so that it was clear 
that further investigation should be carried out with as great a speed as 
possible. * * * [Therefore] the collaboration of other workers [was ob- 
tained ; and as new problems arose or old ones ramified, appropriate special- 


36H, W. Florey, et al., Antibiotics, p. 638. 

87H. W. Florey, ‘Penicillin: Its Development for Medical Uses,” Nature, January 8, 
1944, vol. 153, No. 3871, p. 41. “The final experiments which demonstrated that penicillin 
might be useful in medicine were those known as mouse protection experiments. A number 
of mice are inoculated with germs which will certainly kill them if no successful treatment 
is given. We sat up through the night injecting penicillin every 3 hours into the treated 
group, and I must confess that it was one of the more exciting moments when we found 
in the morning that all the untreated mice were dead and all the penicillin-treated ones 
alive. The diseases treated experimentally, were caused by the streptococcus, the staphylo- 
coccus and a gas gangrene organism. Against the latter two organisms there is no other 
really effective drug.” 

8 Cf, H. W. Florey, “Penicillin: Its Development for Medical Uses,” Nature, January 8, 
1944, vol. 153, No. 3871, pp. 41-42. 
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ists were, as needed, enlisted to deal with them.] Thus the group of 
workers, now sometimes referred to as the Oxford team, was gradually as- 
sembled and their work was greatly facilitated by the devoted labours of the 
* * * technical assistants. * * * The work was much accelerated by the 
most intimate collaboration of all concerned and the success attained was 
undoubtedly due to the combined efforts of the members of the group.” 


Further mouse protection tests were carried out between the last week of 
May and early July 1940. Although their scope was limited because the supply 
of penicillin was very small, their results were highly important. Regarding 
them, Florey subsequently said: 


The gratifying results of the first mouse protection experiments led to 
the immediate realization of the possible therapeutic value of penicillin in 
man, especially in the war-wounded, and it was at once decided to explore 
every possible means of obtaining enough of the material for preliminary 
trials of the drug in infections in man. The enthusiasm of the Oxford 
workers was believed by many to be premature, and though an approach 
was made to a commercial firm, this firm and others who might otherwise 
have helped in the project were overburdened with war work. It was 
shortly afterwards, too that the worst period of enemy bombing began in 
England (September 1940). 


These adverse circumstances added greatly to the difficulty faced by the 
Oxford group in obtaining larger quantities of penicillin needed for further 
clinical research. According to Florey— 


* * * because of this and other difficulties in industrial production it 
was determined to undertake in the laboratory at Oxford the brewing 
and extraction of sufficient material for trials on disease in man. For it 
was clearly realized that unless results could be obtained in man as striking 
ag those in the animal experiments it was highly improbable that any firm 
would embark on production on a sufficiently large scale.* 


In commenting on the much larger quantities of penicillin needed for clinical 
testing on man than had previously been used on mice, Florey has written : 


A man is roughly 3,000 times the weight of a mouse, so you can well 
imagine that the next step, to produce enough to use on man, took months 
of labor on the scale at which we were then working. Eventually enough 
was made to give a single small injection to a man. Much to our conster- 
nation, the patient started shivering and the temperature rose. Fortunately, 
the substance causing this reaction was not penicillin, and the impurity was 
removed quite easily by chemical means.” 


39H. W. Florey et al., Antibiotics, pp. 688-639. Cf. Gladys L. Hobby: “The reports by 
Florey and his co-workers on the nature and action of penicillin are classic in that they 
represent the first instance in which a complete evaluation of a drug was carried out by a 
single group of investigators. Attention was called to a fact, now well accepted, that only 
by a combination of bacteriological, biochemical, and biological methods can a reasonably 
accurate picture of an antimicrobial or chemotherapeutic agent be obtained. For the first 
time the potentialities of antimicrobial agents of natural origin in the treatment of syste- 
matie [sic] infections were established conclusively.” (Journal of the History of Medicine 
and Allied Sciences, vol. VI, No. 3 (summer 1951), pp. 372-373. 

40H. W. Florey and H. P. Abraham, “The Work on Penicillin at Oxford,” Journal of the 
History of Medicine and Allied Sciences, vol. VI, No. 3 (summer 1951), p. 306. 

41H. W. Florey et al., Antibiotics, p. 642. 

42H. W. Florey, “Penicillin: Its Development for Medical Uses,’? Nature, January 8, 
1944, vol. 153, No. 3871, p. 42. 
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In discussing these difficulties in other writings, Florey later said: 


The difficulties in raising the scale of laboratory production were formid- 
able, and the decision had to be taken whether it would be more profitable 
to struggle on with the methods already in use, which gave only a tiny yield 
per litre of culture fluid, until enough had been made for trial in man, or 
whether to hold up production while a search was made into possible means 
of increasing the yield. The former policy was adopted, rightly as it seems 
now, for once the chemotherapeutic effectiveness of penicillin in man had 
been demonstrated the impulse to further work became sufficient to make 
the provision of facilities for the subsequent large-scale investigations by 
industrial and other research bodies a matter of high priority. However, 
at the same time as laboratory large-scale brewing was being carried out, 
attempts were made at Oxford to increase the yield by changing the com- 
position of the medium and by selecting high-yielding strains. Among those 
tested were single spore isolates from the strain already in use and from 
cultures obtained towards the end of 1940 from Fleming. These investiga- 
tions gave no useful results at the time, though more extended work on 
similar lines which was done later in America was highly successful.“ 





By means of experiments with animals, the “mouse protection tests” in partic- 
ular, “a fairly complete knowledge of its properties, both chemical and _ bio- 
logical, had been obtained before penicillin was used on man.”’“ Discussing 
the earliest cases several years after they had been treated, Florey and his 
associates wrote: 


were nearly all of the most severe type and those in which every other avail- 
able treatment had failed, and it is perhaps well that desperate cases 
should have been used at first, for the results became thereby more signifi- 
cant and easier to interpret. Five of the first six patients had staphylococcal 
or streptococcal infections which could not be controlled by surgical and 
sulphonamide therapy. The first, the treatment of whom was begun at the 
Radcliffe Infirmary on February 12, 1941, had a severe staphylococcal infec- 
tion with abscess formation and osteomyelitis. At that time little was 
known about how long the treatment might have to be continued, and after 
5 days, when considerable clinical improvement had taken place, the meager 
stock of penicillin was exhausted and the patient eventually relapsed and 
died.” 
For the treatment of the second patient, also, the supply of penicillin proved to 
be insufficient. The third, fifth, and sixth cases made recoveries, one member 
of this group being “the first patient to receive continuous intravenous penicillin.” 
In the fourth case, penicillin was administered for 9 days “and led to a steady 
improvement. The boy was apparently restored almost to normal when he died 


It was natural that the first infections made available for treatment 


480. W. Florey, Antibiotics, p. 642. How formidable these difficulties were has 
been stated more explicitly as follows: “At that time the best titer obtained in the metabo- 
lism liquor was about 2 units per ml., and the best final recovery after extraction was 
seldom as high as 40 percent. Thus the preparation of 1 million units for clinical use 
required at least 1,500 liters (400 U. S. gallons) of crude culture fluid, entailing the culti- 
vation of 1,000 square feet of mycelium. For an ordinary research institute, cultivation 
on this scale, as well as the labor of extracting and concentrating the active substance, 
was formidable * * *.” (H. W. Florey and E. P. Abraham, “The Work on Penicillin at 
Oxford,” Journal of the History of Medicine and Allied Sciences, vol. VI, No. 3 (Antibiotics 
number, summer 1951), p. 307.) 

“B®. Chain and H. W. Florey, “The Discovery of the Chemotherapeutic Properties of 
Penicillin,” British Medical Bulletin, vol. 2 (1944), No. 1, p. 6. 

#H. W. Florey et al., Antibiotics, p. 648. 
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on the 18th day” of a cause other than the infection for which he had been 
treated with penicillin. Florey and his coworkers further thought that “it is of 
interest that several of the patients were children. They were chosen in the 
hope that less penicillin would be needed to treat them than to treat adults. Ags 
a further indication of the scarcity of the drug it may be noted that in these 
early cases the urine was collected and the drug reextracted and used again.” “ 

Some of the difficulties met at Oxford when efforts were being made to build 
up a supply for use in clinical testing are indicated in accounts given by Florey 
and his associates of the problem of obtaining fermentation vessels. These 
accounts are combined below : 


The experiments on mice had been done with material grown in Erlenmeyer 
flasks and extracted by hand in separating funnels. But conical flasks were 
wasteful of autoclave and incubator space and in any case were not available 
in sufficient number.” 

* * * Anart from the usual laboratory ware, trials were made with various 
kinds of glass and enamel domestic dishes and utensils, and biscuit and other 
tins (both with and without a coating of lacquer or varnish), but it was found 
that the old-style bedpan with a side-arm and lid was an ideal culture vessel, 
providing a relatively large surface area over a shallow layer of fluid and 
with a side-arm for inoculation and withdrawal. Unfortunately when an ef- 
fort was made to procure 600 of these vessels, it was found that such a large 
number could not be provided as they had been replaced by a more modern 
streamlined structure without a lid. At the time they were required the 
Battle of Britain had been won but the country was being subjected to heavy 
bombing so that it was difficult to secure supplies of any sort. Glass vessels 
could not be made within a reasonable time, but Messrs. J. Macintyre & Co., 
of the Staffordshire pottery industry, undertook to make special rectangular 
porcelain vessels, fitted with a side-arm, which could be readily stacked in 
incubator and sterilizer. * * * To overcome transport difficulties Heatley 
borrowed a van and drove 200 miles to fetch the first consignment. He 
returned with them in a snowstorm on 23 December and they were first sown 
with Penicillium notatum on Christmas Day, 1940.* 

* * * They were inoculated with a spore suspension and incubated at 24° 
C. in the laboratory operating theatre (already fitted with thermostatically 
controlled heating), being stacked on discarded bookcases from the Old 

Bodleian Library. The maximum titer was reached after 6 to 7 days, 
when the medium was harvested. * * *” 


The earliest financial encouragement of the work on penicillin at Oxford re- 
ceived from an outside source came from the Rockefeller Foundation. The 
foundation continued its support during the crucial stages of the research pro- 
gram, recognized the significance of the results not yet completely demonstrated, 
provided the grant which made possible the visit of Drs. Florey and Heatley to the 
United States in the summer of 1941, and thereafter supported subsequent anti- 
biotic research.” ‘The part played by the foundation in connection with penicillin, — 


46H. W. Florey et al., Antibiotics, pp. 647-649. 

47 Florey, H. W., and Chain, H., ‘The Work on Penicillin at Oxford,” Journal of the 
History of Medicine and Allied Sciences, vol. VI, No. 3 (summer 1951), p. 307. 

48H, W. Florey et al., Antibiotics, p. 643. 

49 Wlorey, H. W., and Chain, B., ‘The Work on Penicillin at Oxford,’ Journal of the 
History of Medicine and Allied Sciences, vol. VI, No. 3 (summer 1951), p. 307. 

50 Since Florey and his associates took some pains to supply financial details, it seems 
advisable to quote what they reported: “As misleading statements have been made from | 
time to time about the expenditure of money on the early work with penicillin at Oxford, 
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from its first interest in this potential therapeutic agent down to the end of 1948, is 
related as follows in the Rockefeller Foundation annual report for 1943: 


In May 1936 The Rockefeller Foundation received a letter from Dr. H. W. 
Florey, professor of pathology at Oxford, applying for a grant in aid of 
$1,280. Dr. Florey, who was a former Rockefeller Foundation fellow, ex- 
plained that he was developing a chemical approach to problems of 
pathology. He had recently added a biochemist to his staff and had engaged 
a second chemist to join the group in September; the funds were needed 
to provide laboratory equipment. 

The grant was made at once, and seldom has so small a contribution 
led to such momentous results. For it was this laboratory, this equip- 
ment and this group under Dr. Florey that pioneered the clinical use of - 
penicillin. 

The existence of penicillin as a curious byproduct of the greenish-blue 
mold, Penicillium notatum, had been discovered several years before by 
Dr. Alexander Fleming working at St. Mary’s Hospital in London. Dr. 
Fleming first recognized its antagonism to bacteria. * * * when he found 
that certain bacteria disappeared in the presence of the mold. In a sense 
the discovery was an accident, but as Pasteur remarked, ‘Chance favors 
the prepared mind.” Dr. Fleming followed his discovery with various 
tests of the ability of Penicillium notatum to clear up colonies of microbes 
in a test tube. But no tests had been made of its medicinal value, and 
Dr. Florey and his associates at Oxford now undertook, as one of their 
projects, to explore its possibilities in the treatment of human disease. 

Toward the end of 1989, with England engaged in a war of survival, 
Dr. Florey sent the foundation a brief prospectus of his proposed research, 
the groundwork for which had been laid in the intervening years. He 
headed it ‘A Chemical Study of the Phenomenon of Bacterial Antagonism,” 
and he asked for $5,000 for a year’s support—a sum which was imme- 
diately put at his disposal. By the end of 1940 he was able to write 
the foundation “There is good ground for hoping that this substance will 
be much more effective than the sulfonamides, hence the prosecution of 
the work is of urgency and importance.” And the conservative scientist 
added: “I don’t think I am too optimistic in thinking that this is a very ) 
promising line.” 

A second grant of $5,000 was made, and in April 1941 Mr. Warren 
Weaver, head of the foundation’s division of natural sciences, visited Dr. 
Florey in England. In his diary of the visit, Mr. Weaver recorded this 
observation: “This project, if it were indeed successful, would be more 
revolutionary than the discovery of the sulfa drugs, and must be recog- 





and questions asked in Parliament, it may be in the interest of historical accuracy to state 
the following facts. In the first place the laboratory where the work was done, and some 
of the salaries and the materials, were supplied by Oxford University—a fact sometimes 
forgotten. As is the usual practice for financing research at the present time, the contri- 
butions made by the University were supplemented by grants from other bodies. Thus, 
for the research on penicillin and, from 1942 onwards, for a gradually increasing amount 
of collateral work on other antibiotics, the Medical Research Council contributed £8,287 in 
the years 1939 to 1945, the Rockefeller Foundation £6,140 between 1940 and 1945, and 
the Nuffield Provincial Hospitals Trust £5,646 between 1943 and 1945. 

It is difficult to say exactly when the research on penicillin itself reached a maximum, 
_for in the later years much energy was devoted to the investigation of other antibiotics, 
and these figures represent the total sums of money spent on both purposes. At no time 
was the work held up by lack of funds, although it was felt by some that the tenure of 
appointment and stipends of the academic research workers in this type of work left some- 
thing to be desired. (H. W. Florey et al., Antibiotics, pp. 669-670.) 
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nized as a project of the very highest potential importance. We certainly 
ought to do all that we can to accelerate its progress.” 

In July 1941 the foundation provided a special travel grant to enable 
Dr. Florey and his associate, Dr. N. C. Heatley, to visit the United States. 
The purpose of the visit was to make the experience of the Oxford Lab- 
oratory accessible to American workers. * * * ™ 


TRANSFER OF RESEARCH AND Propucrion TO THE UNITED STATES 


In reporting the first steps taken when they reached the United States, 
Florey and his collaborators have stated: 


* * * They arrived just before the celebrations of July 4, and spent 
the first few days with Dr. J. F. Fulton at New Haven. After the situa- 
tion had been explained to him he suggested that they see Dr. Ross Har- 
rison, president of the National Academy, who advised them to talk to 
Dr. Thom of the Bureau of Plant Industry at Beltsville, Md. Dr. Thom 
took them to see Dr. Wells at the Department of Agriculture in Washing- 
ton, and after a very friendly discussion it was agreed that they should 
go to the Northern Regional Research Laboratory of the Department of 
Agriculture at Peoria.” 


Dr. Thom also thought it worth recording how connections were established 
for Florey and Heatley with the Northern Regional Research Laboratory. He 


stated: 


There are discrepancies in the stories told as to what happened in New 
York * * *, Hnough that Florey and Heatley did not establish American 
connections from the Rockefeller offices in New York. The Rockefeller 
Foundation sent them to the Medical Section of the National Research 
Council in Washington on July 8, 1941. Since problems concerning Peni- 
cilliwum had long been handled in the Department of Agriculture, the project 
was referred to us directly by telephone. Arrangements were completed 
by telegraph on July 9th to turn the project over to the Northern Regional 
Research Laboratory of the U. S. Department of Agriculture at Peoria, 
Iil., and on July 18th Florey and Heatley were in the Peoria laboratory 
where they had the cooperation of a group of men with long experience 
in mold fermentation, including Herrick, May, Coghill, Ward, Raper, Moyer, 
and others. Florey stayed only a few days, then turned to other interests; 
Heatley continued in Peoria for atime, * * *.” 


In describing further what happened during their visit, the British scientists 
have stated: 


The problem of producing more penicillin was put to the Director of the 
Laboratory, Dr. May, and to the Director of the Fermentation Division, 
Dr. Coghill. It is worth noting, in view of subsequent developments, that 
at that first meeting on July 14, 1941, Coghill asked whether deep fermen- 
tation on the lines of that used for the production of gluconic acid had 
been tried and suggested that this might be the key to successful com- 
mercial production. Florey then visited a number of drug firms in the 
United States and Canada with a request which now looks modest but 


51“President’s Review,” The Rockefeller Foundation Annual Report for 1943, New York, 
1944, pp. 6-8. 

Sla AW. W. Florey et al., Antibiotics, p. 249. 

52 Charles Thom, “Mycology Presents Penicillin,” Mycologia, vol. 37, 1945, pp. 466—467. 
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at the time seemed formidable—to brew 10,000 liters of culture fluid and 
extract the penicillin, so that more clinical trials might be made at Oxford. 
None of the information which had been accumulated at Oxford was 
withheld. Though certain of the firms thought the matter worth attention, 
a number of them showed little interest, and some none at all. Amongst 
the first to tackle the problem seriously were Merck & Co., Inc, E. R. 
Squibb & Sons, and Charles Pfizer & Co., Inc.™ 


In August, Florey visited the Mayo Clinic. An account of this visit was given 
by Dr. Wallace E. Herrell: 


Dubos, of the Rockefeller Institute, had informed Florey shortly after his 
arrival in America of our interest at the Mayo Clinic in studies on anti- 
biotic agents,” including our preliminary studies on penicillin. I was glad to 
receive word from Dubos saying that Florey was coming to visit our labora- 
tories after his stay at Peoria. Dorothy Heilman and I had been working 
with penicillin since the early part of 1941. Florey expressed satisfaction 
with the studies we had underway. He also had Heatley supply us with 
approximately 100 mg. of penicillin. Half of this material had been prepared 
in the laboratories at Oxford and was called at that time Batch NH2 and 
contained 42 units of penicillin per milligram; the other half was from that 
small supply which had been recovered from the urine of one of the patients 
treated at Oxford and was called Batch NHU6 and contained 20 units per 
milligram. Heilman and I profoundly appreciate the interest and helpful 
suggestions given us by Florey in connection with our work on penicillin. 
I often think of his entirely respectful but humorous reference to the brilliant 
group at Peoria as the ‘“‘mold merchants.” 

I had the pleasure of introducing Professor Florey to the members of the 
staff of the Mayo Clinic at its weekly meeting on August 20, 1941. My col- 
leagues and I were much impressed with his report, which was based on 
the material contained in his article which appeared in “Lancet” for August 
16, 1941. Florey described, in addition to the experimental studies, the 
clinical results obtained in ten cases at Oxford. These cases represented 
the first attempts to use penicillin systemically for treatment of man.” 


Mentioning the ‘experimental studies on the antibacterial activity of peni- 
cillin * * * begun at the Mayo Clinic in the early part of 1941,” Herrell re- 
ported: “Through the kindness of Dawson,” we had received a transfer of Flem- 
ing’s culture. * * *”® 


In a “report to Dr. Weaver on the visits he had made during the summer,” Florey 
listed “the commercial firms he visited, without dates, as being: the Eli Lilly Co.; Con- 
naught Laboratories, Toronto; Johnson & Johnson; Merck & Co.; Sharp & Dohme; EHast- 
man Kodak; Squibb; and the Lederle Laboratories.” (Frank Blair Hanson, Associate 
Director, The Natural Sciences, The Rockefeller Foundation, to A. N. Richards, May 10, 
1943, NA, RG 227.) 

54H, W. Florey et al., Antibiotics, pp. 649-650. 

55 Pioneer studies of tyrothricin and its components had been made at the Mayo Clinic, 
and some of them had been reported, prior to Florey’s visit. See Wallace H. Herrell, 
Penicillin and Other Antibiotic Agents, W. B. Saunders Company, Philadelphia, Pa., 1945, 
Chapter XXI, “Tyrothricin (Gramicidin and Tyrocidine).” The references appended to 
that chapter include both the early papers on tyrothricin by Dorothy H. Heilman and 
W. E. Herrell, and later ones by the same authors. 

56 Wallace BE. Herrell, Penicillin and Other Antibiotic Agents, W. B. Saunders Co., Phila- 
_ delphia, Pa., 1945, p. 7. 

57 Dr. M. H. Dawson, of Columbia University. He and his associates were the first 
American investigators of penicillin as a chemotherapeutic agent. 

58 Wallace BE. Herrell, op. cit., p. 9. 
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The total quantity of penicillin that Florey and Heatley brought with them 
must have been small. As for their “penicillin-producing culture,” Dr. Thom 
stated : 


[this] strain * * * (also a Fleming derivative) was brought to America 
by Drs. Florey and Heatley and delivered to me personally on July 9, 1941. 
To ensure a separate record it entered the collections as 144.5767. It was 
passed by Heatley to the Northern Regional Laboratory at Peoria and to 
an unlisted number of manufacturing laboratories, hence derivatives from 
Heatley’s strain may appear anywhere.” 


Writing some years later of Florey and Heatley’s trip to America in the in- 
terest of penicillin production, Fleming wrote, “This was not the first time that 
the penicillin-producing strain of P. notatum had reached the mycologists in 
America.” Fleming then proceeded to relate how “Raistrick had sent a culture 
of the strain, which he had received from [Fleming] to Thom” for identification 
in 1930.” 

Thom’s correct identification was made in 1930. Speaking years later of its 
importance to the work begun in Peoria as a result of the visit of Florey and 
Heatley in the summer of 1941, Thom stated that— 


* * * recognition of Fleming’s organism as one of the great and universally 
distributed Penicillium chrysogenum-notatum group opened at once, as we 
saw it, the possibility that research among related organisms would show 
penicillin production to be common to the group, hence would enable us to 
choose among available penicillin-producing forms. * * * 

In the case of penicillin, the English workers long insisted that penicillin 
is produced only by Fleming’s organism and its derivative strains. Finally, 
however, Raper, Alexander, and Coghill, working in Peoria, piled up proofs 
that strains isolated from soil and other substances from widely separate 
regions would produce it, and finally that some of them would produce it in 
considerably greater quantity. Strangely enough the Fleming strain and its 
derivative or substrains remained the best producers of penicillin for many 
months after the collection and testing of other members of the chrysogenum- 
notatum group began.” 


Writing of the Fleming organism after “its emigration to America,” Thom re- 
ported: 


* * * Tt was distributed from the laboratory in Washington by Thom and 
Raper to all who asked for it from 1930 onward. How many other transfers 
from the English-type culture collection reached America we do not know 
but none have come to our attention. There is one reference to Bornstein 
as obtaining his culture from Fleming. In a file of letters before me, we have 
the record of its distribution to great university laboratories, hospitals, and 
to manufacturing chemists who are now [1945] producing penicillin. 


* co * * * * = 


59 Charles Thom, “Mycology Presents Penicillin,’ Mycologia, vol. 37, 1945, p. 463. 

6) Sir Alexander Fleming, ‘‘History and Development of Penicillin,’ Penicillin, Its Prac- 
tieal Application, 2d ed., London, p. 14. 

6 Cf. Kenneth D. Raper, “A Decade of Antibiotics in America,’ Mycologia, vol. 44, Jan- 
uary—February 1952, p. 7: “The importance of Thom’s corrected diagnosis is obvious since 
it identified the culture with a cosmopolitan series of molds and in later years gave direc- 
tion to the intensive search for more and better penicillin-producing strains.” 
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Roger D. Reid obtained his first culture of the Fleming organism from us 
in November 1930, another transfer in July 1931.% * * * Survey of labora- 
tory correspondence during the period from 1933 to 1940 shows that requests 
for Fleming’s organism came from a number of the great laboratories en- 
gaged in bacteriological research but not from the pharmaceutical manu- 
facturers. Their immediate response to Florey’s paper in 1940 suggests 
that they had not previously obtained the organism from other sources. In 
this period then whatever work was done in the laboratories using Peni- 
cillin notatum was not reported except the paper of Bornstein who tested 
penicillin against “Enterococci and other Streptococci.” ® 


Bornstein, who is referred to in the above quotation, obtained cultures from 


Fleming in 1936, and conducted work at the Beth Israel Hospital in New York 
City. It also appears that the Merck Institute started preliminary investigations 


respecting the use of penicillium in January 1940, with cultures obtained from 
Beth Israel workers.™ 

These were among the earliest penicillin researches in America. They ante- 
dated publication by Florey and his coworkers of their paper “Penicillin as a 
Chemotherapeutic Agent,” which appeared in the Lancet of August 24, 1940, and 
was followed by a 1941 report by Abraham, Chain, Fletcher, Florey, Gardner, 
Heatley, and Jennings. These British reports aroused widespread interest and 
requests for cultures in the United States, regarding which Thom has stated: 


Turning again to the laboratory file, requests for Fleming’s organism for 
use by manufacturing chemists began in a letter dated September 23, 1940, 
another October 1, 1940. One university laboratory asked for it August 21. 
Was there any connection? Within a half year after the publication of the 
1941 paper, laboratories and pharmaceutical houses well distributed in the 
United States and extending to Mexico and Brazil were supplied with trans- 
fers of the Fleming organism (144.5112.1) . 


Not long after the work of Heatley at the Peoria laboratory began in July 
1941, and practically coincident with the rise of interest of manufacturing 
chemists in penicillin research, the Peoria laboratory contributed the results of 
its past research. Florey and his associates later described these contributions 
as follows: * * * Moyer had the idea that corn-steep liquor, which was used 
extensively as a growth promoter in other fermentations, might be used instead” 
of a medium, troublesome to prepare, to which Heatley was accustomed. “The 
result was not only enhancement of growth but, as Moyer showed after later 


€ Concerning Reid’s work, Thom wrote: “His studies published in 1933, 1934, and 1935, 
covered the conclusion that penicillin is bacteriostatic instead of bacteriolytic, and detailed 
its reaction to light, gases and temperature, effects of distillation, dialysis; in the main 
they confirmed and extended the work of Fleming, and of the Raistrick group without 
going beyond the chemical and bacteriological laboratory aspects and without suggesting 
possibilities of development to major usefulness.” (Mycologia, vol. 37, p. 464.) Other 
estimates are largely in agreement. Cf., e. g., National Academy of Sciences, The Chemistry 
of Penicillin (Editorial Board: Hans T. Clarke, John R. Johnson, and Sir Robert Robinson), 
Princeton University Press, Princeton, N. J., 1949 (This work will hereinafter be cited as: 
The Chemistry of Penicillin), p. 8: ‘“* * * Raistrick’s findings were confirmed, in general, 
by Reid * * * , who found in addition that the activity was lost on dialysis, and that 
penicillin was adsorbed on charcoal.” 

68 Charles Thom, ‘‘Mycology Presents Penicillin,” Mycologia, vol. 37, 1945, pp. 462-464. 

64 “The Merck Report,” July 1945, p. 5. Also, according to Merck’s Annual Report for 
1948, “the company began its studies on Penicillin in the fall of 1939, following the initial 


work of Fleming and Florey in England.” 
6 Charles Thom, “Mycology Presents Penicillin,” Mycologia, vol. 37 (1945), p. 465. 
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experiments, a greatly increased yield of penicillin. Other improvements were 
gradually introduced, the most important of which was the substitution of 
lactose for glucose in the culture medium. From this laboratory, too, came 
the first attempt to produce penicillin in deep culture in the revolving drums 
used for gluconic acid and other fermentations. Before Moyer left Peoria on Au- 
gust 15, 1941, for a month’s holiday he showed Heatley how to manage the drums. 
Unfortunately only two runs (with the four drums) could be made at that 
time. Although the yield was small * * *, penicillin was produced.” © 

Upon returning to the East from his visits to Peoria, Florey sought out the 
recently created Committee on Medical Research (CMR) ® of the Office of Scien- 
tific Research and Development (OSRD), and presented his problem to the 
recently appointed Chairman of the Committee, Dr. A. N. Richards, professor 
of pharmacology and vice president in charge of medical affairs at the University 
of Pennsylvania. It has been stated that the result of this visit was that 
“Dr. Richards, * * * an experimentalist of long standing, quickly saw the possi- 
bilities inherent in penicillin; he brought to the problem the weight of his in- 
fluence and his intimate knowledge of the drug houses of this country.” ® Also, 
the British visitors stated that “before leaving in the middle of September 1941, 
Florey received assurances from Dr. A. N. Richards * * * that he would see 
that everything possible was done to expedite production of penicillin.” © 


EARLY PRODUCTION IN HNGLAND 


Back in England and still anxious to extend the scope of the clinical studies 
of penicillin, Florey found that he was no better off than when he had left to 
seek help in America. The British associates have described their plight as 
follows: “At the time of Florey’s and Heatley’s visit it had been expected that 
some of the first penicillin supplies from American manufacturers would be 
made available in Oxford. However, only half a million units arrived, the 


66H. W. Florey et al., Antibiotics, p. 650. 

67 Cf. A. N. Richards, ‘“Foreword” Advances in Military Medicine, edited by E. C. Andrus 
et al., 2 vols., Little Brown & Co., Boston, Mass., 1948, vol. I, pp. xli—xliii: 

The CMR was established by executive order of President Roosevelt on June 28, 1941. 
The same order created the OSRD as the parent organization within which the previously 
established National Defense Research Committee (NDRC) and the new CMR were to be 
constituent agencies. Dr. Vannevar Bush was relieved of the chairmanship of the NDRC 
and became Director of the OSRD; he thus assumed final responsibility for the entire 
program of civilian scientific research and development, not only in the fields of instru- 
mentalities of warfare but also in all fields of military medicine. 

The CMR was instructed to ‘‘advise and assist the Director in the performance of his 
medical research duties with special reference to the mobilization of medical and scientific 
personnel of the Nation, * * * to recommend to the Director the need for and character 
of contracts to be entered into with universities, hospitals and other agencies conducting 
medical research activities for research and development in the field of the medical sciences, 
* * * fand to] submit recommendations with respect to the adequacy, progress and 


results of research on medical problems related to the national defense.” 
* x * x x & ® 


The President’s Executive order contained no suggestions as to the sources from 
which the CMR should seek advisory aid. But at its first meeting on July 31, 1941, the 
Committee, recognizing the competence and accumulated experience of the NRC commit- 
tees, decided to lean heavily on their advice. The Chairman of the Division of Medical 
Sciences of the NRC was elected vice chairman of the CMR; the chairmen of the eight 
major medical committees were appointed consultants to the CMR; and a contract between 
the OSRD and the National Academy of Sciences was recommended to the Director of the 
OSRD in amount sufficient to pay the expense incident to the meetings of the NRC com- 
mittees and to the preparation and distribution of their reports. These arrangements 
saved invaluable time in the initiation of the work of the CMR. 

# John F. Fulton, op. cit., p. 110. 
6° H. W. Florey et al.; Antibiotics, p. 650. 
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reasons being, in the first place, manufacturing difficulties, and in the second, 
with the entry of America into the war in December 1941, the appropriation by 
the Committee on Medical Research of all supplies for clinical trial.” And 
: it has been stated in other British writings that— 


As far as securing supplies for further clinical work at Oxford went, this 
expedition bore little fruit, so that the Oxford workers were thrown back 
after all on their own resources and the small but willing help of Imperial 
Chemical Industries, Ltd., who supplied small amounts of dry product, and 
of Messrs. Kemball, Bishop & Co., Ltd., who sent a large number of 150-200- 
gallon lots of crude active culture fluid to Oxford by road to be processed 
there. 

With material obtained in this way a second series of cases was treated 
in Oxford, beginning in January 1942. The patients were treated sys- 
temically and by local application. They served to confirm fully the favor- 
able results of the first series. These results were published by Florey 
and Florey in March 1943." 


But before this, as early, in fact, as “the beginning of 1948, sufficient supplies 
had been accumulated from Imperial Chemical Industries Ltd., Messrs. Kem- 
ball, Bishop & Co. Ltd., and Oxford to make it worth while for the Army to 
send special investigators to North Africa.” Still earlier, “in April 1942, a 
small quantity of penicillin prepared in Oxford was offered to Major General 
Poole, Director of Pathology, War Office, and was dispatched to the Middle 
Kast.” ” 

Though it was apparently not until October 1942 that the British Government 
officially took an interest in penicillin and “the Ministry of Supply set up a 
General Penicillin Committee,” there was already in existence a Penicillin Sub- 
Committee of the Research Panel of the Therapeutic Research Corporation of 
Great Britain concerned “with the production and chemistry of penicillin.” 
The progress reports, rendered to this committee as occasion arose, were known 
as the “PEN” reports; * * *. In general, the chemical information contained 
in these reports was not published in the scientific press, but was privately 
communicated to recognized workers in the field. 

The developments with respect to coilaboration in Great Britain following 
the establishment of the General Penicillin Committee have been summarized 
as follows: 


It was then decided that the existing Penicillin Sub-Committee should 
be enlarged to include other interested workers, among whom were Imperial 
Chemical (Pharmaceuticals) Ltd., and should continue its task of coordi- 
nating the work on production and purification to the stage fit for clinical 
use, reporting to the General Penicillin Committee. The name of the Sub- 
Committee was changed at this time to the Penicillin Producer’s Conference 
or, as it was briefly called, the Penicillin Conference. At the same time 
it was arranged that the unofficial Conference of Chemists * * * should 
continue its function of handling information on the chemistry and struc- 
ture of penicillin; the reports of this Chemists’ Conference were made 
available to the Chairman of the General Penicillin Committee of the 


Ministry of Supply.” 


7 H. W. Florey et al., Antibiotics, p. 651. 

71H, W. Florey and H. P. Abraham, “The Work on Penicillin at Oxford,” Journal of the 
History of Medicine and Allied Sciences, vol. VI, No. 3 (summer 1951), p. 310. (Dr. Mary 
E. Florey, wife of Dr. H. W. Florey, conducted the first extensive clinical work in connec- 
tion with the local application of penicillin. ) 

72H. W. Florey et al., Antibiotics, p. 657. 
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EXCHANGE OF INFORMATION BETWEEN AMERICAN AND BRITISH MANUFACTURERS 


The implication of the accounts by Florey and his associates of what they 
called “early production in England” “ seems to be that, so far as they were 
aware, no members of the Therapeutic Research Corp. of Great Britain, Ltd.— 
Boots Pure Drug Co., Ltd.; May & Baker, Ltd.; British Drug Houses, Ltd.; 
Glaxo Laboratories, Ltd.; and Wellcome Foundation, Ltd.—were producing peni- 
cillin even as late as September 1942, when “‘Kemball, Bishop & Co., Lid., began 
to take part in production.” “ Nevertheless, early in March 1942, Dr. T. B. Max- 
well, official of May & Baker, Ltd., sent to George W. Merck, president, Merck & 
Co., Inc., the cable quoted below: 

In my capacity as Deputy Chairman, Therapeutic Research Corp., I wish 
to enquire whether you would be willing to approach principal American 
interests actively engaged in production and study of penicillin as to 
willingness to pool present information future data as collected and even- 
tual United Kingdom and United States patent rights if any. Am authorized 
to say corporation would welcome such a step as tending to prevent over- 
lapping of extensive programmes and possibly bring work to fruition more 
rapidly. Unofficial rumour here says your company Squibb and Chemical 
Foundation are principal American interest.” 


Merck replied the next day, cabling May & Baker as follows: 


For Maxwell penicillin is Government project on which we and others 
are collaborating, but not Chemical Foundation. We shall put your proposal 
before authorities.” 


The authorities were evidently consulted at least promptly enough for Richards 
to have reached a decision by March 12, 1942, when he wrote to Merck & Co., 
Ine. (in part): 


I can say at once that the Committee on Medical Research would have 
no objection to the distribution of such information as the American investi- 
gators possess concerning penicillin to the members of the Therapeutic Re- 
search Corporation of England. The question is to what extent the Ameri- 
cans will agree to the suggestion. 

As I understand it, Merck and Squibb are working in close collaboration 
and are sharing information and experience. Thus far, this represents 
the extent of American pooling. I judge that it would be wholly proper 
for your two firms to offer to exchange information with the British.” 


Subsequent to the initial exchange of cables just noticed, informal arrange- 
ments, evidenced by cables, were entered into by Merck and Squibb with certain 


% AH. W. Florey et al., Antibiotics, p. 651. 

7% AH, W. Florey et al., Antibiotics, p. 651. Sir Alexander Fleming is one authority 
for the scarcity of penicillin in the summer of 1942. “The first patient I ever treated 
with concentrated penicillin was a patient in St. Mary’s Hospital, London, a friend of 
mine * * *, TI tested the sensitivity of the streptococcus to crude penicillin—it was sensi- 
tive. But I had no concentrated penicillin; in fact there was none in the world then ex- 
cept a little which Florey had at Oxford. Florey was good enough to supply me with, I 
think, his whole stock * * * It was a most dramatic recovery.” (‘‘Antiseptiecs Old and 
New” (A Mayo Foundation Lecture, given July 16, 1945), Proceedings of the Staff Meetings 
of the Mayo Clinic, vol. 21, No. 4 (February 20, 1946), pp. 74-75.) 

78 May & Baker, Ltd., to George W. Merck, March 5, 1942, records of OSRD, NA, RG 
227. 

7 George W. Merck to May & Baker, Ltd., March 6, 1942, records of OSRD, NA, RG 
227. 

779A, N. Richards to J. C. Woodruff, Merck & Co., Inc., March 12, 1942, NA, RG 227. 
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organizations associated with the Therapeutic Research Corp.;” and, following 
the agreement of September 1943, for collaboration among Merck, Squibb, and 
Pfizer, the last-named of these companies also became a party to the arrange- 
ments, which continued in effect until February 22, 1945.° After becoming com- 
mercial contractors under the OSRD’s penicillin synthesis program, Merck and 
Squibb turned over to OSRD various reports in the “PEN” series, identified above, 
relevant to the research they had undertaken.” 


First EFFORTS OF THE OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT TO 
OBTAIN PRODUCTION OF PENICILLIN 


In his “Foreword” to Advances in Military Medicine, after having said that 
“Florey’s conversations with the Chairman and other members of the CMR [Com- 
mittee on Medical Research] led them to share his convictions [concerning the 
potentialties of penicillin] and to decide to attempt the promotion of the effort he 
so ardently desired,” Richards outlined the Committee’s first steps toward enlist- 
ing commercial support as follows: 


* * * In October 1941, a meeting was held in Dr. Bush’s office to discuss 
the possibility of a cooperative effort to produce penicillin in quantity. Pres- 
ent were Dr. Bush, the Chairman and Vice-Chairman of the CMR,” the Chief 
Mycologist of the Department of Agriculture,® the Chairman of the Division 
of Chemistry of the NRC,™ and the scientific directors of four large Eastern 
pharmaceutical manufacturing houses.™ * * * *% 


In his testimony at the Senate hearings on science legislation in 1945, some of 
which has already been noticed, Richards spoke of “all four companies agreeing 
to put their research teams or fractions of them on the problems. As a result,” 


he said, “we began to get a trickle of a supply of penicillin during the early 
months of 1942.” * 

Regarding Richards’ assurances to Florey in September 1941, “that he would 
see that everything possible was done to expedite production of penicillin,” Florey 
and his associates, who had had firsthand experience of production problems, 
commented some years later: 


* * * Just how formidable its preparation was at that time can best be 
illustrated by a small caleulation. The penicillin content of crude brew at 
Oxford with the medium and strain of fungus then in use was about 1 to 2 
units per ml. Sixty percent of this might be lost during extraction and puri- 
fication, so that on the evidence then available every case of Severe sepsis 


77Cf, The Economist (London), February 19, 1944, p. 238: “* * * it cannot be for- 
gotten that when the Therapeutic Research Corp. was set up, combination in marketing 
seemed to be as important an objective for it as collaboration in research.” 

8 Records of OSRD, NA, RG 227. 

81 The Chemistry of Penicillin, pp. v, 1056, 1063. 

82 Respectively Dr. Richards and Dr. Lewis H. Weed. 

83 Dr, Charles Thom. 

% Dr, William Mansfield Clark, 

85 The companies represented were Merck & Co., Inc., BE. R. Squibb & Sons, Chas. Pfizer 
& Co., Inc., and Lederle Laboratories, Ine. (then a wholly owned subsidiary of American 
Cyanamid Co.). Merck and Pfizer were producers of fine and medicinal chemicals. The 
four companies listed above were respectively represented by Dr. Randolph T. Major, 
Dr. George A. Harrop, Mr. Jasper H. Kane, and Dr. Y. SubbaRow. 

86 A. N. Richards, “Foreword” to Advances in Military Medicine, edited by BW. C. 
Andrus et al., 2 vols., Little. Brown & Co., Boston, Mass., 1948, vol. I, p. li. 
87 Senate hearings on science legislation, 1945, pt. 3, pp. 461-462. 


322 ECONOMIC REPORT ON ANTIBIOTICS MANUFACTURE 


might need the brewing and processing of as much as 2,000 liters of medium. 
It appeared therefore that the cost would be high and the number of cases 
that could be treated by parenteral injection would be few.™ 


Following the meeting of October 8, 1941, referred to earlier, Thom had 
undertaken a tour on behalf of the Committee on Medical Research. He was 
to bring back impressions concerning the facilities, competence, progress, and 
attitudes of the companies whose help had already been solicited. In addition, 
it was desired that he attempt to judge the interest in penicillin on the part of 
several other companies. Among these, it was hoped that he might be able to 
enlist the effort of at least one company smaller than those whose representa- 
tives had lately conferred with OSRD. It was hoped that such a smaller com- 
pany could be found which had fermentation facilities and personnel with suf- 
ficient training in “culture work” to enable it to produce penicillin for clinical 
use and chemical study. 

On October 20, 1941, Thom wrote from Beltsville, informing Richards of what 
had been learned on the trip. At least six commercial companies, including 
manufacturers of fine and medicinal chemicals as well as pharmaceutical 
houses, were reported by Thom to have manifested varying degrees of interest 
in the production of penicillin by fermentation. The word from Peoria was 
particularly encouraging: ‘‘Moyer has been able to increase the experimental 
yield of Penicillin to three times what Heatley could produce by his methods.” 
The members of the staff who had been working on penicillin were interested ; 
and while they realized that the regional laboratory was “not equipped for 
large-scale production of penicillin,’ they believed that the laboratory could 
contribute to “the research work necessary,” if support were provided for such 
a program as was outlined in their recommendations. This program included: 


1. Further experiments to increase the yield from Fleming’s organism. 

2. Improvement and standardization of the assay method to determine 
yield and effectiveness. 

3. Search of a large number of organisms for one capable of producing a 
satisfactory yield. * * * 

4. Further study of “drum” method of fermentation is very desirable.” 


The responsiveness of Merck to the OSRD proposals has already been seen 
in the report of the meeting of October 8, 1941, incorporated above. Opinions 
were exchanged among the companies regarding the plans for cooperation pro- 
posed by OSRD. For instance, on October 18, 1941, Dr. Major of Merck wrote 
to Pfizer’s “Mr. Kane concerning the penicillin conference held on October 8 
in Washington”; and on October 14, Pfizer had had a telephone call from 
George W. Merck, president of Merck. In a letter to Merck dated October 15, 
1941, John L. Smith, vice president of Pfizer, set forth Pfizer’s position. A copy 
of this letter was furnished to Dr. Richards. This letter is quoted almost in 
full below: 


Some months ago we were approached by Dr. Dawson of Columbia Uni- 
versity regarding possible assistance which we might give in providing 
penicillin for clinical use and other studies. At about the same time 
Dr. Anderson of EH. R. Squibb & Sons called me and asked whether, because 
of our large scale work with molds, we might be in a position to provide 
them with liquors containing penicillin. Shortly thereafter you spoke to 
me about the same matter and Dr. Major also telephoned me regarding it. 


8H. W. Florey et al., Penicillin, pp. 650-651. 
89 Charles Thom to A. N. Richards, October 20, 1941, records of OSRD, NA, RG 227. 
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It appears that the penicillin problem is of great interest and importance 
to the national defense program, and we would be glad to collaborate with 
other companies in attempting solution of the problem if we are in a posi- 
tion to be useful. However, we at the present time know very little about 
the characteristics and deportment of the organism used to produce peni- 
cillin, or the conditions under which it will give what are considered to be 
satisfactory results, and before we commit ourselves to actively collaborate 
in this work we must determine through experimentation within our own 
laboratory what effect the introduction of the penicillium (the organism 
used for preparing penicillin) has on other fermentation work in which 
we are already engaged. It has been our experience that the invasion of 
other mold organisms into our established fermentation work may result in 
dire consequences. Therefore, we must be sure that the hazards involved 
are controllable. Our position in this respect has been made clear to all 
who approached us. 

During the past few weeks our laboratories have been doing work with 
Penicillium in a modest way and a considerable number of samples of liquor 
have been sent to Dr. Dawson for evaluation. Our work so far indicates 
that many essential factors are still unknown, such as the best composition 
of the media, the conditions under which penicillin is produced in satis- 
factory yield, and the stability of the product after it has been produced in 
the liquors. The absence of information on these points leads me to believe 
that research work should be undertaken to establish these essential factors 
before large scale production is attempted. 

As I have indicated above, we are not in a position to state whether it 
would be possible to collaborate in this work until we have demonstrated 
to our own satisfaction whether uncontrollable hazards are involved for wus. 
Nevertheless, in view of the apparent importance of the work, we would 
be glad to attend a meeting such as Dr. Major suggests to discuss the ques- 
tion of collaboration so that the scope and terms of the collaborative effort 
might be agreed upon while we are conducting work to determine the pos- 
sibility of our participation.” 


A meeting concerning penicillin, attended by representatives of Lederle 
Merck, Pfizer, and Squibb, was held in New York on November 11, 1941; but 
what was reported concerning it to OSRD was scarcely definite enough to be 
greatly encouraging. 

Still entertaining understandable reservations about the Penicillia, Pfizer, 
by its vice president, John L. Smith, wrote again to Richards on December 9, 
1941, saying (in part): 


I might say that this company is making moderate quantities of penicillin 
liquor weekly, part of which are sent to Dr. M. Henry Dawson of Columbia 
University for evaluation and study, and part are being used in our own 
laboratories in an effort to determine the characteristics of penicillin, a 
satisfactory method of extraction, and possibly its structure. 

We are engaged in commercial fermentation work, and Penicillium is 
one of the organisms which very often contaminate these processes and 
create much difficulty. For this reason we must feel our way cautiously 
and endeavor to establish whether or not the Penicillium organism, used 
for the production of penicillin, may adversely effect [sic] the fermentations 
which we are now conducting, if the production of penicillin were under- 
taken in our plant. The work we have done so far has not created serious 


% John L. Smith to George W. Merck, October 15, 1941, with copy to A. N. Richards, 
records of OSRD, NA, RG 2297, 
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problems for us, but we have worked on entirely too modest a scale to be 
sure of the effect which the cultivation of Penicillium organisms in our plant 
may bring with it. Therefore, while we are anxious to cooperate with other 
companies in a study of the penicillin problem, the degree to which this can 
be done is dependent upon the effect this work will have on other fer- 
mentations now being conducted by us. 

I wish to assure you that if a satisfactory collaborative procedure can be 
worked out between the companies who appear to be in a position to con- 
tribute to the penicillin problem, we will give our enthusiastic support to 
such an endeavor.” 


During the latter part of December 1941, Coghill had visited the Merck, Squibb, 
and Pfizer plants on behalf of the Committee on Medical Research, but in trying 
to compare the activities of the companies had encountered various difficulties. 
One of the most serious of these was the use of different assay methods, which 
made it impossible to estimate relative success in recovery. 

In connection with assay methods, Richards wrote on January 24, 1942, to 
Dr. Perrin H. Long, Chairman of the Committee on Chemotherapeutic and 
Other Agents of the National Research Council : 


If you are not already aware of it you should know that arrangements 
are being made whereby Dr. R. D. Coghill of the Northern Regional Labora- 
tory, United States Department of Agriculture at Peoria, Ill., will undertake 
the assay of various preparations of penicillin which will be submitted to 
him by the different manufacturers who are busy with the production of 
that substance. It seems clear that a uniform method should be established 
and that those who are engaged in clinical testing should know the potency 
of the product which they are using. 

Nothing as yet has been arranged concerning toxicity testing. I under- 
stand that both Merck and Squibb are subjecting their preparations to animal 
test and shall communicate with them in the hope of discovering where 
and by whom such testing can be done routinely.” 


“Unexpected difficulties have been encountered in the production of the sub- 
stance,’ Richards said further, “but they are being overcome and I think that 
we can expect, shortly, to have enough to be of interest to your Committee.” ™ 
As it turned out, however, it was not until March that penicillin was admin- 
istered to the first patient to receive any officially—i. e., pursuant to the OSRD 
program of clinical investigation.” ‘“* * * “in May 1942, Dr. Long entered the 
Army,” ® and thus he had little responsibility for the clinical testing of penicillin. 

The plans for clinical investigation just referred to had been projected in 
December 1941, when the OSRD Committee on Medical Research requested 


1 John L. Smith to A. N. Richards, December 9, 1941, records of OSRD, NA, RG 227. 

* A. N. Richards to Perrin H. Long, January 24, 1942, records of the OSRD, NA, RG 
227: 

A. N. Richards to Perrin H. Long, January 24, 1942, records of OSRD, NA, RG 227. 

* Cf. Dr. John F, Fulton, “Penicillin, Plasma Fractionation, and the PhySician,’’ the 
Atlantic Monthly, September 1945, p. 110: “The first patient in this country to receive 
penicillin developed under the OSRD program was the wife of a member of the Yale 
faculty who had had a progressive streptococcus septicemia with temperatures ranging 
104° to 106° during the 4 weeks of her illness. She was near death when she received 
her first injection of penicillin on Saturday afternoon, March 14, 1942. Within 2 hours 
her temperature had dropped to 99° and, whereas she has had an average of 200 organisms 
in each cubie millimeter of her blood (which had remained untouched by the sulfa drugs), 
within 24 hours of her first dose of penicillin her blood stream had become sterile. Al- 
though the penicillin available in 1942 was not yet pure, it was highly effective. The 
patient recovered and has been entirely free of trouble ever since,” 

%® John F, Fulton, op, cit., p. 110. 
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the National Research Council’s Committee on Chemotherapeutic and Other 
Agents “to initiate and coordinate an extensive study of the therapeutic use 
and limitations of penicillin.” Regarding this study Richards wrote: 


This study was carried on with extraordinary competence in selected 
clinics, and by March of 1948 the results of treatment of 200 cases with 
penicillin were available. They were So impressive that in April of that 
year, by arrangement with the Surgeon General of the Army, one of the 
civilian investigators under the CMR was invited to conduct a study of 
the effects of penicillin in the treatment of compound fractures and osteo- 
myelitis in wounded soldiers from the Pacific theater at the Bushnell 
General Hospital. The success of this study led to the initiation of pro- 
grams of study and indoctrination in Army hospitals, which were ante- 
cedent to the general adoption of penicillin throughout the Army medical 
services.” 


The foregoing has described only the highlights of the earlier clinical investiga- 
tion of penicillin during World War II. Dr. Chester 8S. Keefer, who was in charge 
of the program of clinical investigation throughout almost its entire life, has 
attributed much of the credit of the OSRD clinical investigation program to 
private hospitals and physicians, as follows: 


Progress in the production of penicillin was at first slow. The first small 
quantities of penicillin became available in this country in the spring of 
1942, but by the end of that year only enough drug had been produced to 
treat 100 patients. 

The difficulty of producing the drug in significant quantities early led to 
a general agreement between the producers of penicillin and the Committee 
on Medical Research that as long as the supply of the drug remained limited, 
the entire production should be assigned to one agency for clinical testing. 
The purpose of this action was to insure that the maximum amount of 
information about the clinical use and effectiveness of the penicillin could 
be obtained from the small supply of drug that was being produced. The 
agency selected by the Committee on Medical Research of the Office of 
Scientific Research and Development for this purpose was the Committee 
on Chemotherapeutics and Other Agents of the National Research Council. 
From the spring of 1942 until January 1943 the entire supply of penicillin 
that was produced by several manufacturers for clinical testing was turned 
over to the Committee on Medical Research for this purpose without cost. 

Beginning on January 1, 1943, and extending to December 31, 1945, the 
Office of Scientific Research and Development purchased the penicillin and 
entered into a contract with the Massachusetts Memorial Hospitals under 
which the hospitals through their responsible investigator were to collect 
information concerning penicillin under the direction of the Committee 
on Chemotherapeutics and Other Agents of the National Research Council 
and the Committee on Medical Research. 

In carrying out this program, penicillin was assigned to the hospitals by 
the Office of Scientific Research and Development for distribution to ac- 
credited investigators and individual physicians throughout the country 
for use in the treatment of diseases in which the Committee on Medical 
Research had requested that information be obtained regarding the clinical 
effectiveness of penicillin. In return for being provided with penicillin 
without charge to him or to his patients, each investigator agreed to furnish 


% A, N, Richards, “Foreword” to Advances in Military Medicine, edited by H. C, Andrus 
et al., 2 vols., Little, Brown & Co., Boston, 1948, vol. I, pp. li-lii. 
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the Committee with detailed reports of the cases in which the drug was used. 

From the spring of 1942 until July 16, 1948, the supply of penicillin 
remained so small that it was possible to furnish penicillin only to a small 
group of “accredited investigators” who were selected by the Committee on 
Chemotherapy. These accredited investigators were all recognized experts 
in the fields of chemotherapy and infectious diseases. With the limited 
amounts of penicillin that were allotted to them, they studied and reported 
on the action of the drug in patients with severe staphylococcic infections 
and to a very limited extent in patients suffering from infections caused by 
other gram-positive cocci that were not responding to sulfonamide therapy. 

After July 16, 1948, all of the penicillin produced in the United States 
was placed under allocation order by the War Production Board, and the 
increased production of penicillin at about this time made it possible to 
extend greatly the clinical trial of penicillin. At this time it became possible 
to supply the drug to individual physicians throughout the country who had 
under their care patients with infections concerning the action of penicillin 
in which the Committee on Medical Research had requested that informa- 
tion be obtained. At first the number of diseases that could be studied and 
the number of patients who could be treated under this program remained 
small. As the production of penicillin increased rapidly from month to 
month during the latter part of 1948 and the early part of 1944, it was 
possible to provide penicillin for the treatment of all patients with serious 
infections in whom bacteriologic studies indicated that the use of penicillin 
would be of value. 

In May 1944, the production of penicillin in this country was sufficiently 
great and the needs of the Armed Forces of our country and allies were 
being met so that limited sale of the drug through hospitals was permitted 
by the War Production Board. After this date the distribution of peni- 
cillin under contract with the Office of Scientific Research and Development 
and the Massachusetts Memorial Hospital was limited to special investi- 
gators who were studying the use of penicillin in certain conditions in 
which the Committee on Medical Research requested that more information 
be obtained. This program continued on a small scale until the expiration 
of the contract on December 80, 1945. 

In the period of slightly less than 4 years during which this program 
of the study of penicillin was in operation, reports on the use of penicillin 
in a total of 10,838 patients were submitted to the Committee on Chemo- 
therapeutics and Other Agents. At frequent intervals, the reports were 
analyzed and the resulting information was transmitted to the Committee 
on Medical Research, which in turn passed the information on to the armed 
services and other interested agencies. 

When the program outlined above was concluded at the end of 1945, it 
was felt that a more detailed analysis of the 10,838 case reports than was 
possible during the active period of the program would produce information 
that would be of significant value to an understanding of the action of 
penicillin. Accordingly a new contract was issued by the Office of Scientific 
Research and Development for this purpose. When this contract expired 
on June 30, 1946, the material from the case reports had been put in such 
a form that it could be readily analyzed. The actual analysis was then 
undertaken with the help of a grant-in-aid from the United States Public 
Health Service.” 


% Donald G. Anderson and Chester S. Keefer, “The Therapeutic Value of Penicillin, 
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EXPANSION OF PENICILLIN RESEARCH AT THE NORTHERN REGIONAL 
RESEARCH LABORATORY, PEORIA 


During December 1941, the Committee on Medical Research was concerned with 
several problems relating to penicillin. On December 17, it held in New York its 
second meeting ** with representatives of the four companies it hoped would 
undertake production of sufficient quantities of penicillin for comprehensive clini- 
cal evaluation; it made arrangements with the Committee on Therapeutic and 
Other Agents of the National Research Council for the organization and conduct 
of clinical tests to be carried out when enough of the drug should become available, 
and it decided to finance at Peoria an enlarged research program devoted to 
penicillin. Heatley left Peoria in mid-December 1941,” and spent the next 6 
months in the employ of Merck & Co., Inc., at Rahway, N. J. 

What had already been accomplished by the staff at the Northern Regional Re- 
search Laboratory led the Committee on Medical Research to make certain that 
there should be no curtailment of the work being done on penicillin at that 
laboratory and to provide for some expansion. This was accomplished by means 
of an OSRD contract with the Bradley Polytechnic Institute in Peoria, under 
which, beginning on February 1, 1942, it provided services in the Fermentation 
Division. These services were performed “with Dr. Coghill as the responsible 
investigator. The contract covered a period of 6 months and was subject to 
renewal. In announcing it, Dr. Richards expressed the hope that the plan of 
work would include a standardization of the method of assay that could be used 
by producers of penicillin. This was subsequently done.” * 

Since the early months of 1942, the Committee on Medical Research had 
undertaken to assist companies producing or preparing to produce penicillin by 
recommending to the War Production Board the granting of the requisite prior- 
ities.2 The War Production Board appears to have been slow in acting upon 
these recommendations, for after a series of instructive letters extending over 
approximately a year, Dr. Richards seems still to have felt a need to convince 
the WPB of the merits of penicillin. 

Thus, on March 18, 1943, writing to the WPB in support of an “application 
* * * being made by the Chester County Mushroom Laboratories for certain 
apparatus” to be used in “developmental research” looking toward the produc- 
tion of penicillin, Richards had explained why he wished “to indorse their 
application in the strongest terms and to express the hope that action upon their 
request [might] be expedited”: 


Tt is of interest that among the references cited as of record in the file of U. S. 
Patent No. 2,443,989, “Method for Production of Penicillin,’ Andrew J. Moyer, Peoria, 
Tll., assignor to the United States of America as represented by the Secretary of Agri- 
culture, there appears the following: ‘‘Moyer and Heatley, a paper distributed to Merck, 
Squibb, Pfizer, Lederle, and OSRD in New York City [sic] on December 17, 1941.” 

2 Up to this time Heatley’s support had been provided by the Rockefeller Foundation, 
which had extended the grant on which he had accompanied Florey to the United States. 
It has been mentioned previously that Heatley was responsible for the assay method used 
py the Oxford collaborators. But it should not be overlooked that he supervised produc- 
tion of the penicillin used in the investigations reported by the Oxford workers in 1941. 
Cf. E. P. Abraham, EH. Chain, C. M. Fletcher, H. W. Florey, A. D. Gardner, N. G. Heatley, 
and M. A. Jennings, “Further Observations on Penicillin,” Lancet 2, August 16, 1941, p. 
188: “N. G. Heatley devised the assay method and developed and supervised the produc- 

i nicillin.” 
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You may be aware that one of the most promising developments in the 
field of military medicine which has been taking place during the past 
2 years is the study and production of a substance known as peniciilin 
derived from cultures of a common mold Penicillium notatum. 

This substance, at present produced in small quantities, has been sub- 
jected to extensive clinical tests and has been shown conclusively to possess 
unique value in the treatment of blood stream infections, local infections, 
such as occur in connection with wounds and burns, and in certain venereal 
diseases. It is becoming daily more certain that in some conditions its 
value as a medicament is far greater than that of the sulfonamide 
substances. 

There is no question in the minds of those who are most familiar with 
this matter that when the substance is available in quantity it will be 
urgently required by our Armed Forces. * * *?* 


Further light on the state of affairs with respect to penicillin at about the end 
of March 1943 can be obtained from the following letter, written by Richards 
to Coghill on April 9, 1943: 


I have your letter of March 26 and am glad to know that the Pfizer Co. 
is willing to disclose certain details of their method for recovery of peni- 
cillin. I hope that the information can go to all of those who are now 
struggling to produce it. 

A fine opportunity has presented for further testing of the clinical use- 
fulness of penicillin in Army casualties. There are some 1,500 wounded 
men from the Pacific area now undergoing treatment at the Bushnell 
General Hospital, Brigham City, Utah. At the request of our committee 
the Surgeon General authorized Dr. Champ Lyons, of Boston, to proceed 
to the Bushnell Hospital to undertake the supervision of the use of peni- 
cillin in the treatment of compound fractures, osteomyelitis, and such other 
injuries as may be encountered. He is using about a million units a day 
and the conditions which have been arranged for him are said to be prac- 
tically ideal. I hope soon to be able to have some sent to England and to 
North Africa and at the same time to encourage increased production. 

I think many times of the encouragement which you gave me to believe 
that your group is well on its way toward completeness of knowledge con- 
cerning the constitution of penicillin. I hope you are not encountering too 
many disappointments and should be greatly interested to know more of 
your progress.’ 


Root’s response was prompt; and on May 7, 1948, Richards announced to 
American Cyanamid, Merck, Pfizer, and Squibb: “At the request of the Di- 
rector of the Office of Scientific Research and Development, Mr. Elihu Root, 


JIT 


has consented to act as adviser to the Committee of Medical Research in re- 


lation to the interests of the Committee in the production of penicillin.” Con- 
tinuing, he wrote: 


That substance, apparently unique in its power to combat bacterial in- 
fections to which wounded men are subject, has become a matter of in- 
tense interest in the medical aspects of the war effort. For nearly a year 
past, the Committee on Medical Research has been encouraging efforts look- 
ing toward the production of penicillin and has sponsored Government 


3A. N. Richards to William J. McManus, WPB, March 18, 19438, records of OSRD, RG 


227. 


4A. N. Richards to Robert D. Coghill, April 9, 1943, records of the OSRD, NA, RG 


227. 
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contracts for investigations of its action. From these investigations it 
has become apparent that plans must be made for production sufficient 
to satisfy greatly increased demand. 

Mr. Root’s assistance is being invited in the construction of the broad 
program which is necessary. He wishes to obtain information from several 
interested companies with respect to present production and plans for 
expansion. 


Richards hoped that it would be found “possible to authorize arrangements” 
that would give Root the information desired from each company.® 

Regarding the interest of potential manufacturers wishing to engage in 
penicillin production, Dr. Coghill stated about 1 year later that: 


By July 1943, the combined efforts of the original pioneering companies 
and the clinicians had well established the value of penicillin, and much 
unfortunate newspaper publicity had served to whet the public appetite. 
Literally scores of potential producers wanted to get on the bandwagon. 
* * * Many of these potential producers had been quietly carrying on re- 
search on production methods and kuew what they were about. These were 
welcomed into the field (at least on the part of the Government), as it was 
obvious that prodigious amounts would be needed for the Army, Navy, 
and civilian population.® 


WAR PRODUCTION BOARD UNDERTAKES RESPONSIBILITY FOR EXPANDING PENICILLIN 
PRODUCTION 


According to Fred J. Stock, Chief, Drugs and Cosmetics Branch, Chemicals 
Bureau, War Production Board: 


Early in 1948 the Committee [on Medical Research] began to report the 
results of its clinical investigations of penicillin. The results were made 
available to the military, who were enthusiastic about this potent antibiotic 
agent.’ 


Matters relating to the penicillin production program were discussed in detail 
at a meeting on August 31, 1948. The main points considered, and the decisions 
reached, are reported in the following paragraphs from an account of the dis- 
cussion appearing in the records of the OSRD: 


On Tuesday, August 31, there was a meeting at Dr. Bush’s office, attended 
by Messrs. Morgan, Stock, Raynolds, and Brown of the Chemicals Division 
of the War Production Board; Dr. Bush, Mr. Elihu Root, Jr., Dr. Richards, 
of the Committee on Medical Research; Mr. Carroll L. Wilson, and Mr. R. E. 
Waterman. It was agreed that primary responsibility was on the War 
Production Board for expanding the production of penicillin, determining 
the type of production by various producers, surface or deep fermentation, 
providing financing for the producers where necessary, issuing necessary 
priorities for materials required by producers for plant construction and 
operation, making arrangements for the disclosure of necessary technical 





5A. N. Richards, May 7, 1943, to W. B. Bell, president, American Cyanamid Co. ; George 
W. Merck, president, Merck & Co., Inc. ; John L. Smith, vice president, Chas. Pfizer & Co., 
Ine. ; Carleton H. Palmer, chairman of the board, HB. R. Squibb & Sons. Records of OSRD, 
NA, RG 227. ; 
~  @Robert D. Coghill, “Penicillin, Science’s Cinderella,” Chemical & Engineering News, 
vol. 22, No. 8 (April 25, 1944), p. 590. peiks ~~ 
7 Journal of the American Pharmaceutical Association, Practical Pharmacy Edition, 


vol, VI (April 1945), p. 110. 
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information relating to techniques of production on terms just to the pro- 
ducers, and dealing in some just and effective manner with patent rights 
relating to methods and apparatus for production of penicillin by the present 
means (surface and deep). Mr. Morgan indicated that WPB might appoint 
an industry advisory committee on penicillin, composed of representatives 
of those now producing or negotiating to produce material, such a committee 
to follow the general pattern of industry advisory committees appointed 
by WPB. He indicated that OSRD might be invited to send a representa- 
tive to meetings of such a committee or its subcommittees at such times as 
problems affecting OSRD’s phase of the job require consideration or would 
be benefited by obtaining the suggestions and opinions of the producers. 

It was agreed that primary responsibility was on OSRD for organizing and 
promoting research on the synthesis of penicillin, for financing such research, 
for arranging for necessary interchange of technical information among 
those engaged on research on the synthesis, for working out with such firms 
or institutions equitable arrangements concerning patents based on such re- 
search and secrecy orders relating to such patents, for conducting the non- 
military clinical research on pencillin, for distributing penicillin allocated 
for research among the various groups engaged on synthesis work and al- 
locating that assigned for clinical testing among hospitals engaged in the 
general program sponsored by OSRD, and for dealing with representatives 
of Allied Governments in regard to disclosure of information relating to 
research on synthesis or information relating to the clinical testing program. 

It was considered desirable that all research on the synthesis of penicillin 
be carried forward under OSRD contracts. The penicillin allocated for 
research on synthesis might be limited to those contractors of OSRD 
engaged in research on the synthesis. If it did not appear practicable to 
bring all research on synthesis under OSRD contract, some arrangement 
should be made with those firms to whom penicillin is allocated for research 
on synthesis and who do not operate under OSRD contract in order that — 
they may be obliged to handle resulting patent rights in a reasonable 
manner which might mean licensing certain other firms at reasonable 
royalties. 

It was agreed that the present arrangement under which the monthly 
production of penicillin is allocated among the Army, Navy, United States 
Public Health Service, and OSRD be continued since it seemed to function 
satisfactorily. Penicillin allocated for research, whether it be research 
on synthesis or clinical testing, should be to the OSRD- 


The amount of penicillin produced in 1944 and the producers is revealed in the 
following WPB compilation. (Appendix table 1, p. 331.) 

More than half of the American plants appear to have been operated by 
members of the American Drug Manufacturers Association, referred to by its 
president at its annual meeting held in 1948 as “an association comprised of 
manufacturers of most of the prescription products in the country.” Its mem- 
bers who had embarked upon penicillin production were: Abbott, Cutter, Hey- 
den, Lederle, Lilly, Merck, Pfizer, Upjohn, Reichel Laboratories, Squibb, Hoff- 
mann-LaRoche, Winthrop, and Parke, Davis. Four of these—Abbott, Lilly, 
Squibb, and Parke, Davis—were members of the group characterized by Fortune 
in 1940 as “The Big Five of Ethicals.”° Each of these four was a “long-line” 


&8“Memorandum of Meeting for Discussion of Penicillin Program,” by C. L. Wilson, 
September 10, 1943, records of OSRD, NA, RG 227. See ch. I, p. 48, also. 
® Fortune, August 1940 (“Abbott Laboratories”), p. 66. 


331 


APPENDIXES 


"add M ‘neemg s[vojueyH ‘qouvlg soTeusoD pus ssniq ‘IU SUOT{N[OY [eloJUSI’Y PUBjs[eOIZO[OTg :90IN0g 


*syquom YUeNbesqns ut 


SOPCIS [VUTO[POUL SB POJVOO][VOI SBAA [VTIOVU SIUT, “UPUOU Yowa Sutssoooid joj poyVoorye pure poonpoid sepvis [eUPOIPoUUON Jo solIT}WeNh [TeUIs ATOATIVIOI OOM O19} WOTIIPPe UT 
(611 DU VN ‘Ad M JO sps0ded ‘EP6T ‘QI Joquedeq ‘ea}4JUIMIOD AJostApy Ausnpuy 


sleonpolg Ul[[oUeg jo suyeem ‘Aivuruing) 


« UOTYONPOId JOyAO 049 YITM SUOTS porveoorre oq [IM ynd4no siz 


*Q0ULISISSS SOLJIIOLIG OU PIATOVEI SBY II USNOI[e ‘oeyTUTUIOD 


ey} UO pezUeseidel SULIY [BIOAOS UVY} Ul{[oTued eJom suTONpod st] ‘sJomMyovjnueUl UT][IoOTUed Jo dnois oy} UT PelepIsuoo AT[ensn you Auedwm00 e ‘sUIqqoY z= WOSsdyOJAL,, 1 





016 ‘E22 000 ‘49% | 86 FZS ‘91% 








0 0 0°98 ‘¢ 
o0¢ 00s 0 ‘00¢ 
00¢ ‘% 000 ‘¢ 0 096 % 
00+ 00F T Gee 
000 ‘¢¢ 000 ‘OF 0 ‘0ST ‘9g 
0g ce 008 

000 ‘9 000 ‘F 0 099 ‘% 
000 ‘2 00F ‘9 ¢ F0L‘S 
000 ‘O0T 000 ‘O0T 0 ‘0S¢ ‘68 
0 G8 Z 01 

0 0 0 

000 ‘ZT 000 ‘8 Ch SSF ‘9 
OF oP 81g 

000 ‘¢ 000 ‘F g ‘500 % 
000 ‘9 000 “9 1968 ‘¢ 
00¢ ‘T 082 ‘T 0 ‘0GF 
000 ‘8T 000 ‘8T 0618 ‘6 
0 gg 0 

000 ‘Z 092 ‘% 0 ‘886 ‘T 
000 ‘0¢ 000 ‘09 0 S26 ‘68 
000 ‘2 000 ‘9 Z ‘200 ‘% 
000 ‘ 000 ‘% 0 S28 ‘T 
000 ‘T 000 % GSIh ZS 





(peyem | (poyeur 
-1480) 10q | -1980) 19q | 19Q0300 
-m1000q, | -WI2AON 


I ‘P88 ‘P61 


Z 89S ‘ZI 
0 00¢ 
FST0 ‘e 
8 £9 

0 ‘100 ‘Og 
¢ ‘OI 

0 96¢ 
00g ‘% 
1 668 ‘88 
I ‘ST 

F 22 

G ‘128 ‘2 
€ FE 

0 086 ‘T 
£068 ‘2 


zequreydeg 


CL SIP ‘E9T 


Dh 
0 ‘008 % 
F P88 

¢ ‘166 ‘ST 
Ot 

eT 

0 ‘0Se ‘T 
LIL ‘98 
G8 “892 

0 

€ Z0L ‘F 
Z°99 
0298 ‘% 


0 'SF8 ‘T 

6 E9T ‘ZE 
0 

0 092 ‘T 

0 029 ‘€ 


qsn3sny 


GZL ‘O82 ‘TET 


0 °0FL ‘T 
Cl ‘OIF 
GZ9 “008 
0 “S24 
I ‘PIS ‘ST 
0ST 
L°O1 
f OTL ‘T 
F200 ‘EL 
F 81% 
0 
G9 288 ‘E 
0°02 
0 's1S Z 
0 080 % 


T '¥88 ‘% 

6 6EL ‘CS 
0 

0 ‘009 

O°LIr Z 


Aine 


[SHU P1OJXO VOM :410Q = “FPET ‘T 90] 


€6F8 ‘8ZT | 0°092 ‘G6 


0 ‘09F 0 ‘02 

€ 688 8 “gee 

C661 ‘8 €°L07 

0 lt I ‘2cT 

0 ‘129 ‘CT 0 Zee ‘6 

0 0 

0'ST le 

0928 ‘T 0 002 ‘T 

9 “S92 ‘TL F $10 ‘8P 

L ‘SF 6°16 

I ‘GPT 00 

6 980 ‘G Pr Sit: 

9°99 0°98 

F968 ‘8 G16 ‘S 

0 6II ‘T 0 ‘6FZ 

0 ‘S&T 0 ‘OI 
012 

0 19 

8 Eos gq “oze 

PF ‘LOT ‘8% 0 ‘P89 ‘LT 

r'9 yo 

0 ‘6S8 6 ‘88h 


9 ‘818 % 0°L9F ‘¢ 





eune AVN 


¢ “Lb0 ‘F9 | ¥66 ‘998 ‘Fe 





T 6 
9 669 
¥ ‘00T ‘T 
2 89 
GLg a ‘g 
Lo “16 
0 099 


80 ‘OLL ‘BE 


GZE “691 
1 ‘01Z 
TT ‘£00 ‘¢ 
0 EF 
6 982 ‘F 
0 61 
9 6FT 
0°09 
0 
€ ‘O8T 
0 SFT ‘6 
79 IT 
1 °%66 
8018 ‘% 


Tdy 








09s 
$6 “96T 
8 "869 
9 “63 
OAL ca 
0 
G6 “61 
8 29S % 
g “GE9 6 
99 “FL 


0 
PSS "E26 
8 "8S 
0 ‘Ez ‘e 
€ S91 
o'er 
0 
0 
0 6 
89 TT 
0 
8 G08 
2 S06 % 


Torey 


EL ZZ “OT 


0 
GZ0 ‘SIS 
& 68 
GL °S 
8 922 ‘S 
0 
2°29 
0 967 ‘% 
Sh FL0‘S 
Gg 6S 
Z 6% 
CL PPPS 
9°61 
0 ‘008 ‘T 
L196 
0°18 





tH Ao 
[Os SOO 


At 
AH 
ay 





Aren1qo,7 


€8 ‘099 ‘ZI 


0 
£ 2S 
SIL 
PLT 
68 ‘FIO 

0 
0 ‘OI 
0 ‘00T ‘e 
PP 186 ‘E 
PF ‘0g 


0 
22 TOTS 
0 
6 ‘8p 
G TSt 
LV 
0 
0 
0 
62 ‘TS 
0 
OIF 
96 “TTL 





Arenuesr 


thE6yT ‘sapos6 PouUdipau—saruaayop JONIOPY 2UIOWed—T Wavy, XIGNqddV 


ee gee A ee T®10.L 


“~~-"*"(uepsoF7) ComqyUT MA 
igs fo aia ae ee doiyyUut A 
Bee ee uyofdgq 
Bea Nee Ge we emuog » dieyg 


wane anna nnn 2- a= see qqinbg 
wanna nn -n----2---- ZUTIOYIS 


aon nnn nen -------- Asypusyag 


-oqOew 
woenn nn n------------- Izy 
wa -n---------- sav ‘oyIvd 


------------ (POHLY) HOO WL 


~~~"; SUIgqoy 2 Uossoso Vl 
aoa sats Siete Sa ae ea ANT 
ganas egy xe Bee 2) Ae) Ola I 
SoMa ad eyooye T-uueMyoH 
il a Cee uepAVx, 


“"-=""SIUOA[OG [BIDIONINIOD 


ann nnn nna n anna an uydeyo 
---------------- enue A ued 





Auedwog 





Ba2 ECONOMIC REPORT ON ANTIBIOTICS MANUFACTURE 


pharmaceutical house, as also was Upjohn. Of the “principal ethical phar- 
maceutical houses,” 12 in number, named by Business Week in July 1943,” 
the following were among the operators of penicillin plants listed above: Abbott, 
Hoffmann-LaRoche, Lederle, Lilly, Parke, Davis, Squibb, Upjohn, and Winthrop. 

Some of the companies were also members, active or associate, of the 
American Pharmaceutical Manufacturers’ Association. Abbott, the Caleo Chem- 
ical Division of American Cyanamid, and Hoffmann-LaRoche were active mem- 
bers in 1943; Winthrop and the United States subsidiary of Ayerst, McKenna 
& Harrison, Ltd., became active members in 1944." Merck, Pfizer, and Heyden, 
primarily manufacturers of fine and medicinal chemicals, were associate mem- 
bers. 

Many relationships, ranging from competition in the production and sale 
of the same products to purely commercial supplier relationships already existed 
among the companies selected for participation in the penicillin program. 
Those who were producers of medicinal and fine chemicals were suppliers to 
the more strictly pharmaceutical manufacturers.” 

The major pharmaceutical manufacturers were active in the vitamin business, 
and for their dosage forms purchased at least some bulk vitamins, suppliers 
of which included American Cyanamid, Merck, and Pfizer. In the field of patent 
relationships, several of the penicillin producers were parties to the “Sulfa- 
thiazole Agreement” (July 11, 1940), which had terminated interference pro- 
ceedings involving nine parties and three interferences.” 

A number of the companies also were licensees of the Wisconsin Alumni 
Research Association under the Steenbock patents. Parke, Davis was a pioneer 
manufacturer of biological products. Lederle Laboratories, Inc., had formerly 
been the Lederle Antitoxin Laboratories. Abbott, Cheplin, Cutter, Lilly, Reichel, 
Squibb, and Upjohn also had backgrounds in biologicals, as did both the 
Canadian companies. 

Fermentation experience was possessed by only some of the companies, and 
among them it varied considerably as to length and kind. In 1938 Merck had 
“established a fellowship” in Waksman’s “laboratory for the study of citric 
and fumarie acid production by submerged fermentations”; it had worked on 
actinomycin and streptothricin; * and of all the companies it seems to have 
been interested longest in penicillin. Schenley’s familiarity with fermentation 
was based on its long experience as a distiller. “Commercial Solvents Corp. 
was born of intensive World War I research in explosives and earned dis- 
tinction as the pioneer producer of acetone and butanol by fermentation proc- 
esses.” In 1948, the company was said to be “principally engaged in the 
manufacture of organic chemicals (chiefly the basic solvents) by fermentation 
of grains and molasses,” and its operating “both by biological and by strictly 


1 Op. cit., July 10, 1943, p. 6. (Business Week’s mention of pharmaceutical companies 
was not in connection with penicillin. ) 

11“The active membership shall consist of manufacturers of pharmaceutical, biological, 
and other products used in the medical and allied professions.” (American Pharmaceutical 
Manufacturers’ Association, Proceedings, Annual Meeting, 1942, p. 253.) 

12 Fortune, June 1947, “Merck,” p. 105. This article referred to Abbott, Lilly, Squibb, 
and Parke, Davis as ‘‘Merck’s best customers.” 

13The parties to that agreement who also were penicillin producers were Merck (who 
received the patent), Cyanamid, Lilly, Squibb, and Winthrop. 

144 Selman A. Waksman, My Life With the Microbes, Simon & Shuster, New York, 1954, 
pp. 337 ff. 

15 Williams Haynes, American Chemical Industry, vol. VI (The Chemical Companies), 
p. 85. 
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chemical processes” was said to differentiate it from “most chemical manu- 

facturers.” ** One of its profitable byproducts was riboflavin, vitamin B:. 
Pfizer’s experience with fermentation was long and extensive. Outlining 

Pfizer’s ‘“‘basic position” in 1943, Merrill Lynch, Pierce, Fenner & Beane stated: 


The newer products, based on the company’s unique fermentation process 
of sugar, molasses and corn sugar, include citric acid and derivatives, 
ascorbic acid, oxalic acid and oxalic acid salts, gluconic acid and gluconates. 
Riboflavin is also produced. 


Pfizer was “believed to be the world’s most important producer” of citric acid 
and “one of the largest producers of ascorbic acid (vitamin C).”™ 

In an analogous discussion of American Cyanamid, Merrill Lynch’s survey 
said: 


American Cyanamid Co.’s aggressive administration of a long-term ex- 
pansion program, has developed this company into a well-rounded organi- 


zation which now ranks among the leaders in the chemical industry. 
* * * * * % me 


The five years 1928-33 were marked by aggressive acquisitions of smaller 
companies: Calco Chemical, one of the country’s principal dyestuff pro- 
ducers, and 8 or 10 smaller units in the field; several companies producing 
textile chemicals; a plastics producer; a manufacturer of heavy industrial 
chemicals; Lederle Laboratories, an ethical drug house, and two small 
engineering companies. Since the middle 1930’s, growth has been largely 
through research.® 


Before contracts were signed with the OSRD under its penicillin synthesis 
program, Merck, Squibb, and Pfizer (though at first Merck and Squibb, without 
Pfizer) had been collaborating in research on penicillin—including both chem- 
ical structure and production techniques. “The Abbott, Lilly, Upjohn, and 
Parke, Davis laboratories collaborated in the midwestern area and with Dr. 
H. E. Carter of the University of Illinois as a consultant.” ** According to a 
letter written by Reichel Laboratories on October 4, 1948, Reichel and Hoff- 
man-LaRoche had entered into an agreement providing for a complete exchange 
between the two companies of information relating to penicillin.” 


Wark PRoDUCTION BoARD PROGRAM FOR FURTHER HWXPANSION OF 
PENICILLIN PRODUCTION 


In a memorandum which Dr. Elder referred to as having been written “some 
weeks” before a memorandum of February 24, 1944, which it accompanied, one 
of the topics was “Expansion of Existing Plants: In Suggested Order in Which 
They Should Be Approved.” Among the various sorts of expansion discussed 
were the following: filling “up the existing building with tanks and extraction 
equipment,” substituting ‘tanks for bottles,” and making greater usé of facilities 
already in place. In this connection, the proposal for four companies was: 
“Tanks to operate extraction equipment 24 hours per day and possibly more.” ” 


16 Merrill Lynch, Pierce, Fenner & Beane, Chemical Industry Survey, 1943 edition, p. 30. 

17 Tbid., p. 48. 

38 Tbid., p. 24. 

1sa The Chemistry of Penicillin, p. 53. 

19 Reichel Laboratories, Inc., by John Reichel, to A. N. Richards, October 27, 1943, 
records of the OSRD, NA, RG 227. 

2 Undated copy of memorandum accompanying memorandum dated February 24, 1944, 
Dr. D. P. Morgan from Albert L. Elder, records of WPB, NA, RG 179. 
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THE WPB UNDERTAKES To PROMOTE INTERCHANGE OF INFORMATION AND 
ENCOUNTERS PATENT PROBLEMS 


On January 19, 1944, Dr. Albert L. Elder, head chemical adviser, Chemicals 
Bureau, WPB, and coordinator of its penicillin program, addressed to Fred J. 
Stock, Drugs and Cosmetics Section, WPB, a memorandum on the subject, 
“HWxchange of Technical Data in the Penicillin Industry,” in which the following 
passages appeared : 


* * * The simplest method for expanding the penicillin program today is 
that of increasing the efficiency of each plant now completed or in the process 
of completion. We should be criticized, and justly so, if every effort is not 
expended to obtain the maximum production possible out of these plants. 

As I look back on the program during the past few months during which 
I have attempted to coordinate this program, I realize that a grave mistake 
was made by me in accepting the responsibility of coordinating this program 
without at the same time having authority to increase the efficiency of a 
plant which had been approved prior to my participation in the program. 
As it was rather aptly put at the Industry Advisory meeting, I was not to 
be a bee going from one flower to another distributing pollen, but to be a col- 
lector of information. The data assembled thus far are now sufficient to con- 
vince me that we must have an exchange of information among all of the ap- 
proved producers of penicillin if we are to save the lives of thousands of 
soldiers who will in all probability be casualties of war within the next 
few weeks. The value of penicillin in saving the lives of wounded soldiers 
has been so thoroughly demonstrated that I cannot with a clear conscience 
assume the responsibility for coordinating this program any longer while 
at the same time being handicapped by being unable to make available in- 
formation which would result in the output of more penicillin and thereby 
save the lives of our soldiers. 

According to the agreement which you have made with the producers of 
penicillin it is my understanding that when in your opinion information 
was available which should be disseminated you would go before the 
companies and ask them to work out immediately suitable arrangements for 
the equitable distribution of such information. I appreciate that you must 
rely on my judgment as to whether or not such information now exists. 
It is my judgment that production of penicillin can be increased by the 
dissemination of such information. Therefore, I recommend that you take 
such steps as are necessary to see that technical information which can be 
of value and which is needed to further the production of penicillin be made 
available to the approved producers of penicillin. 

I believe that it is advisable for you to write a letter to each approved 
producer.of penicillin and determine at once what arrangements they are 
willing to make for the complete exchange of technical information on the 
production of penicillin by fermentation methods.” 


When the Penicillin Producers Industry Advisory Committee met on February 
18, 1944, the purpose of the meeting was “to discuss penicillin production and 
requirements, to consider the desirability of pooling production information and 
experience, and to hear reports on the technical committee meeting in January 
and the status of research projects of OPRD and OSRD.”* The rather detailed 
summary of the meeting prepared in WPB gives the impression that, before the 


21 Albert L. Hilder to Fred. J. Stock, January 19, 1944, records of WPB, NA, RG 179. 
22Summary, meeting of Penicillin Producers Industry Advisory Committee, February 
18, 1944, p. 3, records of WPB, NA, RG 179. 
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subject of “pooling production information and experience” was reached on the 
agenda, discussion of a variety of problems had implicitly recognized the desir- 
ability of general interchange of information. The summary reported that— 


Dr. A. N. Richards, Chairman of OSRD’s Committee on Medical Research, 
read a statement concerning OSRD activities in the field of chemistry and 
synthesis of pencillin. It included an account of the considerations which 
have guided and will continue to guide the Director of OSRD in the selection 
of companies with which contracts are made. <A general description was 
given of the provisions of the contracts respecting disposition of patents and 
licenses and the principles to which the Director of OSRD would adhere in 
administering his responsibilities under the contract. An indication was 
given of the present state of knowledge of structure of penicillin, but no pre- 
diction can be made concerning the imminence of successful synthesis.” 


While Dr. Richards’ full statement has not been found, there was preserved 
in the OSRD files a document entitled ‘Penicillin Contract Patent Provisions,” 
bearing a notation to the effect that it was written by John T. Conner (OSRD’s 
General Counsel) and was read by Dr. Richards at the meeting of WPB’s Indus- 
try Advisory Committee on February 18, 1944. As a relatively uncomplicated 
account of the provisions of OSRD’s contracts with the commercial companies 
engaged in the penicillin synthesis program, as indicating rather clearly the atti- 
tude of OSRD, and as presenting to the Penicillin Industry Advisory Committee 
a definite plan for consideration, the statement is worthy of quotation in full: 


PENICILLIN. CONTRACT PATENT PROVISIONS 


Very recently OSRD entered into several contracts calling for develop- 
mental work (classified as ‘“‘Secret”) on the synthesis of penicillin or a thera- 
peutie equivalent. A few of the pharmaceutical firms had been carrying on 
for some time at their own expense research studies and investigations look- 
ing toward the synthesis of penicillin, and they and the other firms invited 
to participate in the program indicated a decided preference to finance the 
synthesis work from their own, rather than governmental, funds. Also, some 
of the pharmaceutical firms had already discovered valuable information, 
although mostly not of a patentable nature, and it was felt that it would be 
unfair to require them to assign to the Government titles to any patents 
issued thereafter and attributable to that information. OSRD’s primary 
interest was to work out a procedure whereby the synthesis of penicillin for 
war casualty use could be expedited by a full interchange of information 
among all research teams working on the problem so that one team would not 
waste valuable time on work already done by another team. 

After giving the matter careful consideration, we finally worked out for 
use with the commercial organizations involved contract arrangements 
whereby (i) there is provided a complete interchange of information through 
OSRD of information discovered by all the OSRD contractors, (ii) the work 
being done by the commercial firms is financed by their own funds, and (iii) 
the OSRD is given the right to determine the disposition, among the organiza- 
tions that make contributions through OSRD of valuable information or 
inventions, of all patents covering discoveries or inventions made under the 
contracts that are attributable to the interchange of information, through 
OSRD. In addition, the Government receives royalty-free licenses for mili- 





22Summary, meeting of Penicillin Producers Industry Advisory Committee, February 
18, 1944, p. 9, records of WPB, NA, RG 179. 
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tary, naval, and national defense purposes under all patents resulting from 
work done by these OSRD contractors in the synthetic penicillin field, both 
before and after the execution of the OSRD contract. Also, OSRD has the 
right to require the OSRD contractors that ultimately become the titleholders 
of the patents to license other designated organizations, whether or not they 
are contributors of inventions or relevant information, upon the payment of 
reasonable royalties. 

Although under the contracts the OSRD receives rather broad powers in 
determining the disposition of patentable discoveries or inventions made in 
the course of the contract work that are attributable in whole or in part to 
information disclosed under the contracts to the participating organiza- 
tions, Dr. V. Bush, OSRD Director, has pointed out that the contract provi- 
sions clearly indicate that it is not the intention of OSRD to have title to such 
patents vested in the Government in order to enable the Government to go into 
‘the business of manufacturing penicillin. In our opinion such a procedure 
would not be in the public interest and would constitute inequitable treatment 
not only of the ultimately successful inventor or inventors, asSuming the in- 
ventor to be a commercial organization financing its own work, but also 
would constitute inequitable treatment of those commercial organizations 
whose skill, efforts, and financing have already resulted in the discovery of 
important relevant information and will undoubtedly continue to have that 
result during the course of the contract work. 

Dr. Bush has announced that the general policy governing the disposition 
of the patent rights by OSRD is that the public interest will be best served in 
this matter by a disposition of patent rights that will make available to the 
public through regular commercial channels an adequate supply of high 
quality synthetic penicillin or a therapeutic equivalent at reasonable prices 
that will include reasonable profits for manufacturing and distributing the 
product, Dr. Bush intends to arrange for the licensing on reasonable terms 
of any patents subject to disposition under the contracts in a manner designed 
to protect the public interest and the equities of the inventor and the pioneer 
and other organizations, American and British, which have already made or 
in the future may make valuable scientific or technical contributions toward 
the goal of synthesis.” 


Dr. Elder had been present at the meeting of February 18, 1944, but a few 
days later, in the course of a memorandum dealing with various matters relating 
to penicillin he wrote again—this time (on February 24, 1944) to Dr. D. P. 
Morgan, Director, Chemicals Bureau, WPB—about exchange of technical data 
among penicillin producers: 


* * * There are three reasons why I believe that some mechanism should 
be set up for the exchange of technical information in such a new field as 
that of the production of penicillin. It should be borne in mind that the 
development of penicillin was not something which was originally created by 
American industry but which was called to our attention by the British. The 
output of penicillin by the different producers in the United States varies 
greatly. An exchange of information should do much toward bringing the 
poorer producers into line. A second reason for an exchange of information 
is that it is entirely possible that some one producer may make such a drastic 
improvement in the process that the total needs for penicillin could be met 
very quickly by applying this information to all of the production facilities. 


% “Penicillin Contract Patent Provisions,’ read at meeting of Penicillin Producers In- 
dustry Advisory Committee, February 18, 1944, records of WPB, NA, RG 227. 
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The third reason is that the patent situation with respect to penicillin may 
become quite complicated, and a royalty agreement made at this time would 
probably save a great deal of confusion at a later date. There are many ap- 
plications for patents on the production of penicillin filed in the Patent 
Office at the present time. These have been placed under secrecy order by 
the Office of Scientific Research and Development. I have recommended 
against placing some of them under secrecy order but the OSRD has ruled 
that all of them be secret for the time being. 

No mechanism has been set up by which the War Production Board is kept 
fully informed on synthesis of penicillin. If such information is not made 
available, it is entirely possible that a fermentation expansion program 
might be launched at the same time that OSRD is developing pilot plant work 


on the synthesis of penicillin. This will certainly be a confusing picture 
and can easily arise.” 


This second memorandum anticipated only slightly the WPB’s bringing to- 
gether on March 14, 1944, “19 major penicillin manufacturers in the United 
States and two from Canada * * * to explore the possibility of an agreement 
with the Government for the exchange, with other or prospective manufacturers 
of penicillin, of information concerning methods of producing penicillin by 
fermentation. * * *” 

The press release announcing the meeting quoted “WPB officials” and re- 
ported their views in Several paragraphs: 


The meeting is being called “because of the importance to the nation, 
particularly the fighting forces, of securing as rapid an increase in the 
production of penicillin as is humanly possible,” they said. 

Officials explained that plant visits and reports have made it clear that 
if all firms manufacturing penicillin could be brought up to the rate of 
the most efficient the problem of adequate supplies for war needs would be 
largely met. 

“We have reason to believe that an exchange of information, both by 
written reports and by personal visits, could do a great deal to increase pro- 
duction,” an official of WPB’s Chemicals Bureau explained. ‘“Hxperience 
in somewhat similar circumstances with the production of synthetic rubber 
has demonstrated the value of such arrangements.” 

Tuesday’s meeting will open with a general discussion of the whole 
problem after which a task group, which has been named, will discuss with 
Government representatives the details of an agreement. 

The members both of the larger group and the task committee will serve 
in a purely advisory capacity, WPB officials asserted, the War Production 
Board reserving the right to prepare a form of agreement which may not 
accord with the advice received. However, any such agreement will be 
binding upon any firm in the industry only to the extent that the firm is 
willing to accept it, the officials added. 

In order to afford the industry all proper protection under the antitrust 
laws, signatures to the agreement will be sought only if it is possible, as 
is expected, to secure the issuance of a certificate under section 12 of the 
Smaller War Plants Act covering activities contemplated by the contract, 
they asserted. 

A number of possible bases of agreement have been outlined to the manu- 
facturers, according to Chemicals Bureau officials. Others may be sug- 
gested. In any case, it was said, it will be necessary to assume a require- 
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ment that any arrangement must be open to adherence of additional firms, 
merely upon their agreement to be bound by the provisions of the contract. 

The manufacturers also have been asked to consider in connection with 
each alternative, the possibility of a special provision that all purchases by 
the Government for its war requirements shall be free of the payment of 
royalties, the officials said.” 


Of five possible bases of agreement that had been outlined to the manufac- 
turers, one was described as analogous to “the synthetic penicillin contract,” 
another as a “modification” of it.” 

In the following press release issued on March 16, 1944, the WPB reported 
the meeting: 


With a view to increasing penicillin production, representatives of 21 
producers have authorized a committee from their industry to explore, with 
the War Production Board, various forms of agreement for the exchange of 
technical information and patents, WPB announced today. 

The committee is to study possible contract forms and recommend an 
agreement between producers and WPB, which, it is hoped, may be con- 
cluded early next month. 

In granting authority for the explorations of the committee, producers’ 
representatives expressed themselves as desirous of doing everything pos- 
sible to increase the production of penicillin within the shortest period 
of time. 

The committee members are: A. H. Fiske, Eli Lilly & Co., Indianapolis, 
Ind.; H. C. Fritsch, Parke, Davis & Co., Detroit, Mich.; Carleton H. Palmer, 
H. R. Squibb & Sons, New York, N. Y.; Dr. John Reichel, Reichel Labora- 
tories, Inc., Kimberton, Pa.; and Kenneth H. Hoover, Commercial Solvents 
Corp., Terre Haute, Ind.” 


The circumstances attending the apparently extended explorations of the com- 
mittee need not be related ; but on June 5, 1944, D. P. Morgan, Director, Chemicals 
Bureau, WPB, and Harvey N. Davis, Director, Office of Production Research 
and Development, WPB, jointly addressed to Donald M. Nelson, Chairman, War 
Production Board, a memorandum which said (in part) : 


It has been requested by the Penicillin Producers’ Industry Advisory Com- 
mittee * * * that arrangements be made whereby manufacturers of peni- 
cillin by fermentation processes may freely and voluntarily exchange techni- 
cal information regarding such manufacture and various processes and 
materials used therein, with each other and with governmental representa- 
tives. 

* * * * * * * 

It is proposed that the Chairman of the War Production Board enable and 
request the penicillin producers listed to make available to one another 
technical information with respect to processes for the manufacture of peni- 
cillin by fermentation. * * * 4 


A contract form accompanied the memorandum. 

At a recent meeting of the Penicillin Producers Industry Advisory Committee, 
a representative of the Foreign Economic Administration had outlined substan- 
tially as follows the plans for distribution to other parts of the world: 


°° WPB press release for March 13, 1944, records of WPB, NA, RG 179. 
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78a FD). P. Morgan and Harvey A. Davis to Donald M. Nelson, June 5, 1944, records of the 
WPB, NA, RG 179. 


APPENDIXES 339 





A control system for civilian distribution equivalent to that in the United 
States would be required of every foreign country to which shipments of 
penicillin were made, a FHA representative explained to the committee. 
EKighteen of the other American Republics thus far have notified FEA of 
their acceptance of this condition and have thus become eligible for penicillin 
allocations. FEA missions in the field have been instructed to determine 
that a penicillin committee is created in each country which has requested 
shipments. This committee would have the responsibility of approving 
all releases of penicillin within the country, and would be expected to adhere 
to the list of recommended medical uses of penicillin developed by Dr. 
Chester S. Keefer, of the National Research Council. 

* * * sales would be made by American producers shipping to their 
agents on a commercial basis, but * * * the stocks held by these agents 
would be frozen and could be released only upon approval of the local 
penicillin committee. An attempt is being made by FEA to put this com- 
mercial sales plan into effect in all areas where commercial relations now 
exist. The allocation of one billion units was made largely as a move to 
acquaint doctors and hospitals in other parts of the world in its use. 

Arrangements are now being made for the export of penicillin for re- 
stricted civilian use to European neutrals, the Middle East, the French 
areas, and other countries. It is expected that in the near future July 
quotas will be established for restricted civilian allocation of penicillin to 
India, New Zealand, Australia, South Africa, and the British West Indies, 
the FEA representative said.” 





Encouraging as were the foregoing announcements, there was still no foresee- 
able limit to demand, and no reason to believe that greater production could 
not still be attained, if there were pooling of technical information. The obtain- 
ing of clearance from the Department of Justice permitting the exchange of 
technical information among penicillin producers, had first been discussed by 
the Penicillin Producers Industry Advisory Committee on February 18, 1944. 
A meeting of producers on March 14 and 15, 1944, had been devoted to considera- 
tion of this proposal. The immediate outcome had been the authorization of “a 
committee from their industry to explore, with the War Production Board, 
various forms of agreement for the exchange of technical information and 
patents” ; and such a committee had been named.” 

On June 21, 1944, Certificate 203 of the Chairman of the War Production Board 
tc the Attorney General, approving the collaboration by manufacturers of peni- 
eillin “in the exchange of technical information respecting the production and 
processing of penicillin derived by fermentation 3 from Pencillium notatum and 
of any raw material or intermediate components of penicillin,” was duly signed. 
Accordingly, with the approval of the Penicillin Producers Advisory Committee, 
the WPB proceeded to call a 2-day technical meeting. This meeting, it was hoped 
could “take the form, substantially, of a round-table discussion” to consider “‘such 
technical phases of the manufacturing process as may be mutually helpful in the 
attainment and maintenance of a suitable penicillin production rate.” In view 
of the present “urgent necessity of meeting high military requirements for peni- 
cillin,” it was thought “appropriate” to bring together representatives of Gov- 
ernment and industry “‘concerned with the technical phases” of penicillin produc- 
tion. 





29 WPB press release, June 28, 1944, NA, RG 179. 
30 WPB press release, March 16, 1944, NA, RG 179. 
31 Italics supplied. 
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Continuing, the invitation to the meeting said: 


* * * There are a great many technical problems common to many or 
all of the producers of which no one organization has a perfect solution, but 
which may be advanced substantially toward solution by the putting to- 
gether of the experience of a number of organizations, each of which knows 
a part of the requisite information. By this pooling of experiences, it is 
believed that rapid progress can be made toward the elimination of manu- 
facturing difficulties and hence toward the rapid increase of the production 
rate of all concerned. 

Of the 25 companies expected to send representatives to the meeting, 
it is the writer’s belief that each has information not held by any of the 
others that would be helpful to all, and that each is in a position to profit 
markedly from exchange of such information. 

The meeting planned will afford opportunity for the discussion of such 
recent results of research work in governmental laboratories as interests 
the producers.* 


Despite its having been announced by the Chemicals Bureau of the War 
Production Board on March 28, 1944, that “no further major expansions” under 
the penicillin program would “be approved,’ * the WPB apparently expected 
or hoped that new companies would undertake production. At any rate, it 
appears that not all of those invited to send representatives to the meeting were 
currently—and some of them may never have been—producers of penicillin.” 

It is not known whether or not the meeting was considered to have been suc- 
cessful or whether other technical meetings were held. There is, however, 
a WPB internal report of a Penicillin Producers Industry Advisory Committee 
meeting on June 15, 1945, in which the following passage appears: 


Certificate No. 208, under section 12, Smaller War Plants Corporation, 
dated June 21, 1944, entitled ‘““Manufacturers, Penicillin—Approval of Col- 
laboration in Exchange of Technical Information.” 

This certificate was approved some time ago in order to promote free 
interchange of technical information in order to bring about as large and 
efficient penicillin production as possible. The certificate protects the 
producers from any prosecution under the Antitrust Act. The question of 
revocation of this certificate was presented to the Committee and after some 
discussion it was recommended that the certificate remain in force.” 


THE OSRD PENICILLIN SYNTHESIS PROGRAM 


When Florey and Heatley came to America in 1941, the only method known 
for producing penicillin was by fermentation which, up to that date, had pro- 
duced only small yields at extremely high cost. As early as 1931, however, 
Fleming had stated regarding penicillin: “It is quite likely that it, or a chemical 
of similar nature, will be used in the treatment of septic wounds.” In com- 
menting on this remark in 1944, Fleming stated : 


The words “chemical of a similar nature’ were prompted by the thought 
that some day a chemist would discover the nature of the active principle, 


synethetize it, and use either that or some modification as a chemotherapeutic | 


33 WPB letter, dated July 6, 1944, sent to 25 United States companies, NA, RG 179. 

34 WPB press release, March 28, 1944, NA, RG 179. 

3% FTC data request, 1957. 
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agent. That was years before the introduction of the sulphonamides and 
at a time when the only effective antibacterial chemotherapy was the 
treatment of syphilis by modifications of Ehrlich’s salvarsan.” 


Efforts during the intervening years to discover the nature of the active prin- 
ciple and synthesize it had been unsuccessful. If it could be done, however, 
the production of penicillin in volume by synthesis was still regarded as highly 
desirable. Therefore, although production by fermentation was the method 
fostered by the OSRD, research respecting the chemical structure of penicillin 
was also undertaken both by some of the producing companies and by non- 
producing research organizations. Prior to the middle of 1943, however, it 
appears that there were no concrete proposals for speeding synthesis and in- 
formation respecting the results of such research was being shared only to a 
limited extent. “Two of the seven companies” then producing penicillin, said 
Richards, “are sharing information, viz: Merck and Squibb, I believe, by formal 
agreement. Pfizer, to some extent, shares with Merck and is contemplating 
sharing also with Squibb. Otherwise there is no pooling.” The most important 
question related to synthesis was: “To whom and under what conditions is 
penicillin to be assigned for chemical study which may lead to synthesis?” * 

About the middle of August 1948, OSRD took the first serious steps toward 
organizing and coordinating synthesis research. The following quotations are 
the highlights of a four-page summary of discussion had at a meeting of OSRD 
representatives on August 17, 1943: * 


The problem is to assure the largest possible production of this drug in 
the shortest time. This will necessitate adroit action to compensate for 
commitments and debts already made and the careful avoidance of any 
further commitments until an overall plan is at least in mind. * * * 

Once the structure of penicillin is elucidated, the synthesis should follow 
reasonably soon and as present indications point to a relatively simple 
molecule the synthetic product would be far cheaper than the natural. * * * 


* % * * * 2 * 


Promotion of work on the synthesis is an important matter. It was agreed 
that everything should be done to expedite it. * * * 


* % * * * % % 


Soon after the first meeting of the WPB’s Penicillin Producers’ Industry 
Advisory Committee, Dr. Richards made what appears to have been the first 
direct approach to individual companies looking toward the organization of 
chemical research on penicillin under OSRD auspices. On October 2, 1943, he 
-addressed the following letter to the nine companies then engaged in the manu- 
facture of penicillin, the same letter, with appropriate changes, being sent aiso 
to eight more companies said to “have WPB sanction to undertake production” 
of penicillin. 


You are aware of a decision communicated by Mr. Stock of WPB to 

the members of the Penicillin Producers’ Industry Advisory Committee 

| at their meeting on September 22 to the effect that the Government inter- 
) ests in all questions concerning production of penicillin are henceforth to be 


| 
| 
| 


> 
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cared for by WPB; whereas Government interest in scientific research in 
the fields of the clinical testing and the chemistry of penicillin is the 
responsibility of the Office of Scientific Research and Development. 

As Chairman of the Committee on Medical Research, to which a share 
of the responsibility of OSRD has been delegated, I wish to place before 
you a statement of the problems which confront us and to invite the 
assistance of your comments and advice in their solution. 

1. Investigations designed to lead to discovery of a method of synthesiz- 
ing penicillin or its therapeutic equivalent are regarded as urgently impor- 
tant as an item in the war effort. Hence Government must undertake to 
expedite chemical investigations. 

2. Nine commercial firms, of which yours is one, are now producing 
penicillin; eight others have WPB sanction to undertake production; still 
others, in limited number, may later be encouraged to participate in the 
production effort. 

3. Some of the nine and some of the eight companies above referred to 
maintain chemical research staffs of various degrees of scientific investiga- 
tive capacity. 

4. In some companies the research staffs have made important progress 
in the direction of elucidation of the structure of penicillin; others have 
made good beginnings; still others are eager to contribute investigative 
knowledge but for one or other reason have not yet been able to make an 
effective beginning. 

5. If a method for synthesis is discovered which is capable of develop- 
ment into production processes more economical than are the fermentation 
methods now in uSe, it may be assumed that most, if not all, of the com- 
panies now or soon to be engaged in production will desire to engage in 
synthetic production. 

6. It is assumed that progress toward the goal of synthesis can be accel- 
erated by pooling of information among all of those research groups who 
are or shall be devoting themselves to this study. 

7. The present supply of penicillin is far from adequate to meet the 
needs of the Armed Forces, to say nothing concerning legitimate civilian 
needs. Chemical research which uses penicillin is therefore made at the 
cost of lives as well as of dollars. This cost is justified by confidence in 
the belief that the achievement of an earlier abundance of the drug will 
far more than compensate for the present necessary restrictions. This 
justification is true, however, only if allocation for chemical research is 
restricted to those chemists whose capacities are best suited to successful 
attack upon the problem of synthesis. 

8. What principle should govern the selection of commercial companies 
to which penicillin should be allocated for chemical research, the aim being 
to obtain the greatest yield of information from a limited amount of 
material? 

9. Upon what terms can full interchange of chemical research informa- 
tion be arranged among the research groups of the commercial companies 
whose accomplishments differ in degree; at the same time doing justice to 
those whose initiative, energy, and skill have already advanced the prob- 
lem to a stage at which the prospect of achievement of synthesis is 
promising? 

In the interchange of information above referred to it may be under- 
stood that the Department of Agriculture’s laboratory at Peoria will par- 
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ticipate, as will also such university laboratories as may be enlisted, under 
contract with OSRD, to undertake chemical research on penicillin. 

It was announced at the meeting on September 22 that a committee, 
advisory to the Committee on Medical Research in all matters connected 
with chemical research in penicillin, including policy governing allocation 
for chemical research, would be appointed. That committee has now been 
formed and consists of Hans T. Clarke, chairman; Roger Adams, R. D. 
Coghill, and William Mansfield Clark. 

This letter is being sent to the head of each of the companies which were 
represented at the meeting on September 22. It does not imply a commitment 
by OSRD with respect to allocation of penicillin to your firm for chemical 
research; nor will your reply, which will be treated as confidential, be re- 
garded as committing your firm in any contractual sense to opinions or rec- 
ommendations expressed in it. You are urgently requested to give your 
immediate attention to the problems stated in it and to reply as promptly as 
possible. It would be most helpful if, as a crystallization of your com- 
ments and advice, you would outline an agreement which you might be 
willing to undertake with the Government and which you believe would 
enable the OSRD to fulfill its obligations to this military problem.” 


The responses to Richards’ letter were various. Some companies thought that 
they were and would probably continue to be fully occupied with production 
problems; others in effect disclaimed competence for the task; still others were 
noncommital or vague. Most of those who intimated that they might participate 
seemed to be principally concerned about patent problems. 

A special committee was appointed to select firms to engage in research on 
the synthesis of penicillin. This committee reported on November 19, 1943, nam- 
ing 10 companies which it recommended “be invited to enter into contractual 
relations with regard to the exchange of information concerning the chemistry 
of penicillin.” The committee also listed six other companies which either had 
expressed lack of interest in the projected synthetic investigations, or were 
regarded by the committee as not meeting the qualifications set up. The com- 
mittee also recommended that certain noncommercial and academic chemists 
be invited to participate in the project.* 

Contract forms covering the proposed cooperation were drawn up and submitted 
to the companies. In the letter enclosing the proposed contract, Dr. Bush wrote 
in part: 

In arriving at your decision, I think that it will be helpful for you to 
have before you several considerations in addition to those discussed in 
Dr. Richards’ October 2nd letter. In the first place, we have every reason to 
believe that OSRD will soon be in a position to reveal to those organizations 
accepting the provisions of the enclosed contract form some important in- 
formation recently discovered in England, which, together with information 
already in your possession, may quickly lead to a solution of the problems 
of synthesis. Also, OSRD will probably be the channel through which in- 
formation hereafter discovered in England concerning synthesis is to be 
transmitted to organizations in this country. [An attempt would be made, 
it was said, to work out reciprocal arrangements with the British Govern- 


ment.) * *.* 


“nine firms * * * producing penicillin” and to “eight firms to un- 
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Secondly, although Article 3 (b) of the enclosed form gives the OSRD 
contracting officer rather broad powers in determining the disposition of 
patentable discoveries or inventions made in the course of the subject work 
which are attributable in whole or in part to information disclosed under 
the contract to the Contractor, the contract provisions show that it is not 
our intention to have title to such patents vested in the Government in order 
to enable the Government to go into the business of manufacturing penicillin. 
In my opinion such a procedure would not be in the public interest and 
would constitute inequitable treatment not only of the ultimately successful 
inventor or inventors but also of those organizations whose skill, efforts 
and financing have already resulted in the discovery of important relevant 
information and will undoubtedly continue to have that result during the 
course of the subject work under the contracts. 

The procedure that I have in mind contemplates the selection of a small, 
impartial, disinterested committee of outstanding men which I shall call 
upon for advice and recommendations on problems arising under the con- 
tracts concerning the disposition of patent rights that call for a decision 
by the OSRD Contracting Officer. The general policy that I intend shall 
govern the advisory recommendations of that committee and my decisions 
is that the public interest will be best served by a disposition of patent 
rights that will make available to the public through regular commercial 
channels an adequate supply of high quality synthetic penicillin or a thera- 
peutic equivalent at reasonable prices which will include reasonable profits 
for manufacturing and distributing the product. It is my intention to ar- 
range for the licensing on reasonable terms of any patents subject to dis- 
position under Article 3 in a manner designed to protect the public interest 
and the equities of the inventor and the pioneer and other organizations, 
American and British, which have already made or in the future may make 
valuable scientific or technical contributions toward the goal of synthesis. 
For example, the group of collaborating American firms composed of Squibb, 
Merck, and Pfizer is contributing what is believed to be the chemical 
structure of penicillin. If synthesis proves their structure to be substan- 
tially correct, the value of their contribution will probably be such that, in 
making an equitable distribution of patent rights governed by Article 3 (b) 
of the OSRD contracts, I intend to grant such firms at least royalty-free 
licenses under United States patents, even if the synthesis invention is 
made by an OSRD contractor not a member of that group. 

Your firm has already indicated that it is willing to license organiza- 
tions designated by the Government under your patents, and that understand- 
ing is reflected in the provisions of Article 3. In view of the fact that the 
Government itself has made some scientific contributions and has already 
financed and will probably continue to finance clinical experiments building 
up a market for penicillin, we feel that it only equitable for the Govern- 
ment to receive a royalty-free license under patents governed by Article 3.” 


In the volume, Organizing Scientific Research for War, “one of a series de- 
voted to the history of the Office of Scientific Research and Development,” “ 


42 Vannevar Bush to prospective commercial participants, various dates in December 
1943, NA, RG 227. The quoted paragraphs appeared in all transmittal letters accom- 
panying contracts. Letters to prospective contractors other than Merck, Squibb, and 
Pfizer, however, contained a paragraph saying in effect that if the theory that “Govern- 
ment financing [was] neither desired nor necessary” should be incorrect, appropriate 
changes in the contract could be made. 
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Irvin Stewart devotes a chapter to “Patent Policy,’ much of which is concerned 
with discussion of the formulation and use of the patent clauses in OSRD con- 
tracts—“long form” and “short form.” Of these it was said: “OSRD adhered 
closely to the two standard forms of patent clause as being adequate to meet 
all situations. * * * Believing that uniformity of language was essential if the 
possibilities of later misconstruction of intent were to be minimized, OSRD 
permitted few variations from the standard clause,” and these “were largely by 
way of additions to the standard clause.” “ 

To the views expressed and the practices described, the OSRD did not, how- 
ever, adhere with rigid consistency, as Stewart indicates in the following para- 
graph, which affords a useful summary of the major provisions of the patent 
clause of the penicillin synthesis contracts and states the reasons for the special 
features of that clause: 


An entirely different patent clause was used in a group of contracts 
directed toward the synthesis of penicillin or a therapeutic equivalent 
thereof. The commercial organizations most concerned had been carrying 
on research in the field at their own expense for some time and they 
desired to continue at their own expense. Some of them had already dis- 
covered valuable information although mostly not of a patentable nature. 
OSRD’s primary interest was to work out a procedure whereby the syn- 
thesis of penicillin for war casualty use could be expedited by a full inter- 
change of information among all research teams so that one team would 
not waste valuable time on work already done by another team. With the 
advice of the Commissioner of Patents and after clearance with the Depart- 
ment of Justice, an arrangement was worked out with the commercial 
organizations under which (1) there would be complete interchange 
through OSRD of information discovered by all the OSRD contractors; 
(2) the commercial organizations would continue to finance their own work, 
and (3) OSRD would have the right to determine the disposition, among 
the organizations that made contributions through OSRD of valuable infor- 
mation or inventions, of all patents covering discoveries or inventions made 
under the contracts that were attributable to the interchange of informa- 
tion through OSRD. In addition the Government was to receive a royalty- 
free license for military, naval, and national defense purposes under all 
patents resulting from work done by these contractors in the synthetic 
penicillin field, both before and after the execution of the OSRD contracts. 
Finally, OSRD was given the right to require contractors who would ulti- 
mately become the titlebolders of the patents to license other designated 
organizations, whether or not they contributed inventions or relevant infor- 
mation, upon payment of reasonable royalties.” 


There seems never to have been much doubt on the part of OSRD that im- 
munity from the antitrust laws could be obtained to protect participants in the 
synthesis program in the exchange of information developed under their con- 
tracts. But it was not until December 7, 1943, that the desired clearance was 
obtained.” After some delay a total of nine contracts were signed with what 
were called “the American Commercial Participants” and the Government of 
the United States as represented by the Director of the Office of Scientific 
Research and Development. The list of contracting companies, and the periods 


_ covered by the contracts is as follows: 


44 Op. cit., p. 225. 


45 Ibid, pp. 225-226. ; : 
ten ae No. 187, “Proposal for Collaboration between Certain Companies and the 


Government” was signed by Donald M. Nelson, Chairman, War Production Board, on 
December 7, 1943—8 FR 16,772 (December 14, 1943), 
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Abbott Laboratories, North Chicago, Ill., OKMcmr-—396, from December 15, 
1943, to October 31, 1945. 

Eli Lilly & Co., Indianapolis, Ind., OKMemr-3897, from December 15, 1948, 
to October 31, 1945. 

Merck & Co., Inc., Rahway, N. J.. OEMcmr-391, from December 1, 1948, 
to October 31, 1945. 

Parke, Davis & Co., Detroit, Mich., OEMcmr-398, from December 15, 1948, 
to October 31, 1945. 
Chas. Pfizer & Co., Inc., New York, N. Y., OHMcmr-390, from December 1, 
1948, to October 31, 1945. 
Shell Development Company, San Francisco, Calif., jointly with Cutter 
Laboratories, Berkeley, Calif., O0H©Mcmr—445, from April 15, 1944, to Octo- 
ber 31, 1945. 

BH. R. Squibb & Sons, New York, N. Y., OEMcmr-389, from December 1, 
1948, to October 31, 1945. 

The Upjohn Co., Kalamazoo, Mich., OEMcmr-399, from December 15, 1943. 
to October 31, 1945. 

Winthrop Chemical Co., Ine., New York, N. Y., jointly with Heyden Chem- 
ical Corp., Garfield, N. J., ORMemr-428, from December 15, 1943, to 
October 31, 1945.“ 


In addition, contracts and letter agreements were made with what were 
known as “the American Non-Commercial Participants.” These contracts pro- 
vided ‘for related studies and experimental investigations” during the periods 
covered, which were of varying duration. The American Non-Commercial Par- 
ticipants, with the numbers and dates of their contracts or letter agreements, 
were: 


U. S. Department of Agriculture, Bureau of Agricultural and Industrial 
Chemistry, Northern Regional Research Laboratory, OEMcmr-410, from 
December 1, 1948, to October 31, 1945. 

Cornell University OEMcmr-411, from January 1, 1944, to December 31, 
1945, and OEXMcmr-—542, from April 1, 1945, to December 31, 1945. 

Federal Security Agency, Food and Drug Administration, OEMcmr—465, 
from June 1, 1944, to October 31, 1945. 

Harvard University, O0EMcmr-—540, from May 1, 1945, to December 31, 1945. 

University of Illinois, OHKMcmr-439, from April 15, 1944, to December 31, 
1945. 

University of Michigan, OLHMcmr—408, from January 1, 1944, to December 
31, 1945, and OEMcmr—442, from April 15, 1944, to December 31, 1945. 

Department of Commerce, National Bureau of Standards, from March 17, 
1945, to December 31, 1945. 

_U. 8. Naval Medical Research Institute, from May 7, 1945, to December 31, 
1945. : < 

Rockefeller Institute for Medical Research, from April 13, 1945, to Decem- 
ber 31, 1945. Bale. 

Stanford University, OEKMcmr-561, from June 1, 1945, to December 31, 1945. 

B. E. Warren, MIT, from April 18, 1945, to December 31, 1945. 

Dean F. C. Whitmore, Penn State, from December 30, 1944, to December 
31, 1945. 

Milton Veldee, U. S. Public Health, from October 7, 1944, to December 381, 
1945.* 


47Interim first determinations of the Director of OSRD under the penicillin synthesis 
contracts, April 15, 1946, records of OSRD, NA, RG 227, 

48Interim first determinations of the Director of OSRD under the penicillin synthesis 
contracts, April 15, 1946, records of OSRD, NA, RG 227. 
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Prior to the initiation of this collaborative penicillin synthesis program as 
organized in December 1943, under OSRD auspices, “considerable progress had 
been made on the isolation and structure of penicillin in several laboratories. 
Some of this research was also collaborative.” Concerning that research the 
efficial report on the program said: 


In the eastern area, the Merck and Squibb laboratories collaborated 
and were later joined by Pfizer. These three laboratories also exchanged 
progress reports with certain cooperating laboratories in Great Britain, 
including those constituting the Therapeutic Research Corp. When the 
secrecy order was issued, reports were exchanged through the Committee 
of Medical Research of the Office of Scientific Research and Development. 

The Northern Regional Research Laboratory also reported the results 
of investigations upon the production and chemistry of penicillin. 

The Abbott, Lilly, Upjohn, and Parke, Davis laboratories collaborated 
in the midwestern area, and with Dr. H. HE. Carter of the University of 
Illinois as consultant. (The Chemistry of Penicillin, p. 53.) 


During the period that the OSRD contracts were in effect, marked improve- 
ment in the technology of penicillin production and the development of more 
productive strains of the mold greatly increased production attainable by fer- 
mentation. In May 1945, Dr. Roger Adams (one of the members of the com- 
mittee that had selected the American commercial participants in the OSRD 
penicillin synthesis program) had said in a letter to OSRD’s General Counsel, 
Oscar M. Ruebhausen: 


* * * The low absolute cost of fermentation penicillin is such that the 
achievement of synthetic penicillin becomes more academic and of less 
significance from the standpoint of the nation. I see no reason why syn- 
thetic penicillin would be of greater medical usefulness. * * ** 


And on August 24, 1945, it was announced that, effective August 31, all WPB 
restrictions on the “use and allocations” of penicillin would be removed.” By this 
time there was little worry about the continued production of adequate supplies 
of penicillin by fermentation. 

After the expiration of the contracts, “investigation continued by the Cornell 
group as an independent project, led to the isolation early in 1946 of synthetic 
benzylpencillin in crystalline form.”™ By this time, however, the accomplish- 
ment of synthesis had become truly academic, for it was never put to practical 
use in penicillin production for the reason that penicillin could be produced at 
less cost by fermentation. 


THE UNITED STATES DEPARTMENT OF AGRICULTURE IN THE HISTORY OF 
PENICILLIN 


On March 4, 1946, the Agricultural Research Administration of the United 
States Department of Agriculture issued a “Research Achievement Sheet.” The 
heading of its single page of text was: “Penicillin Made Available Through Agri- 
cultural Research” ; and its most significant paragraph was the following: 


Within a year after Dr. Florey took his problem to the Northern Labora- 
tory, important discoveries and developments had made commercial produc- 





49 Roger Adams to Oscar M. Ruebhausen, May 18, 1945, records of OSRD, NA, RG 227. 

50 WPB press release, August 24, 1945, records of WPB, NA, RG 179. 

51 “'The Chemistry of Penicillin,” p. 9, n. 9. Ibid., Vincent du Vigneaud, pee H. 
Carpenter, Robert W. Holley, Arthur H. Livermore, and Julian R. EES ‘Synthetic 
Benzylpenicillin,” and the same authors’ paper, “Synthetic Penicillin,” Science, vol, 104 


(Nov. 8, 1946), pp. 431-433, 450. 
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tion of penicillin feasible. One of the first discoveries of the laboratory 
scientists was that yields of penicillin could be greatly increased by adding 
corn-steep liquor (a byproduct of cornstarch manufacture) and lactose 
(milk sugar) to the culture medium in which the mold is grown. In seeking 
higher yielding strains, molds from many parts of the world were brought 
to the laboratory for testing, but the highest yielder was found growing on 
a eantaloup in a Peoria market. Other accomplishments of the research 
workers were improved methods of recovery and purification of penicillin. 


A year before this announcement was made, Dr. Charles Thom whose contribu- 
tions to the penicillin program as an employee of the Department of Agriculture 
have previously been cited, concluded an account of how arrangements were 
made “to turn * * * over to the Northern Regional Research Laboratory” the 
problem which Florey and Heatley had brought to the United States for solution. 
“Thus,” he wrote, “the penicillin project reached America and fell into the hands 
of a great government laboratory from which has come most of the fundamental 
work that has made large scale production possible.” ” 

A more complete listing of the contributions of the Northern Laboratory was 
given some 2 years later in the “Summary” which concluded the chapter, “‘Re- 
search in the Development of Penicillin,” by Kenneth B. Raper,” in Advances in 
Military Medicine, the two-volume official record of medical progress during the 
war edited by members of the Committee on Medical Research of the Office of 
Scientific Research and Development. This summary stated: 


Research on penicillin production at the Northern Regional Laboratory 
has been paralleled by investigations of a Somewhat similar nature carried 
on in many other laboratories. Current production of this drug is, of course, 
based on the knowledge gathered in the sum of such studies. This labora- 
tory, working with the Committee on Medical Research, however, takes 
justifiable pride in having supplied much of this essential information. 
Briefly summarized, the principal contributions of this laboratory may be 
listed as follows: R 

(1) Development of the corn steep-lactose media for penicillin produc- 
tion. 

(2) Demonstration that penicillin could be produced in submerged cul- 
ture. 

(3) Production of increased penicillin yields by the addition of phenyl- 
acetic acid. 

(4) Improvement and refinement of assay methods. 

(5) Isolation of new penicillin-producing molds and the development of 
superior strains capable of greatly increased production. 

(6) Distribution of proved cultures to industries and research labora- 
tories investigating penicillin. 

(7) Definition of certain factors affecting the stability of penicillin. 


52 Charles Thom, ‘‘Mycology Presents Penicillin,” Mycologia, vol. 37, 1945, p. 467. 

53 Dr. Raper was himself a leading participant in penicillin research and, like Dr. Thom, 
a mycologist. (Cf. “The Fungi Come Into Their Own,” Mycologia, vol. 44, 1952, p. 276, 
where EH. O. Dodge refers to Thom and Raper’s ‘60 man-years of culture work on the Peni- 
cillia,”’ and states further that: ‘* * * when there came calls in 1941 for cultures of 
strains of Penicillium notatum for studies on the production of the antibiotic penicillin, 
Thom and Raper were ready to supply not only cultures of 30 or 40 strains of Penicillium 
notatum and a hundred or so strains of P. chrysogenum, but also 2,000 cultures of other 
species of Penicillium. This number was eventually increased to about 4,000. Until 1941 
you could not have found over a dozen Penicillium specialists even if you searched labora- 
tories all over the world. But very soon there were hundreds, maybe thousands, of workers, 
if you include bacteriologists, chemists, pharmacologists and engineers, in addition to 
mycologists, who turned their attention to the Penicillia and other fungi.’’) 
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(8) Development of a carbon process for penicillin recovery. 

(9) Preparation of crystalline benzylamine derivatives of the penicillins. 

(10) Isolation and characterization of penicillin X. 

(11) Preparation of the azopenicillins and other derivatives. 

(12) Preparation and characterization of the International Penicillin 
Standard.™ 


The achievements listed above were never considered to be of equal importance, 
and high hopes entertained for some discoveries have not been realized. Peni- 
cillin X, isolated at the Northern Regional Research Laboratory, was perhaps 

the outstanding disappointment, regarding which it was subsequently reported: 


* * * Penicillin X was at first thought to offer possibilities as a drug 
entity, because it was shown to be more effective than penicillin G against 
streptococci, pneumococci, and gonococci. Differences in effectiveness be- 
tween penicillins X and G, however, were soon found to be quantitative rather 
than qualitative and did not warrant the manufacture of penicillin X with 
its much higher production costs.” 


Some of the achievements require for their explanation more technical dis- 
cussion than is here appropriate. Others need only be stated for their im- 
portance to be recognized. Among the latter is the fact that the laboratory 
supplied the initial stimulus to the work on adjuvants or precursors, which 
later was fruitfully developed by other investigators. Regarding this it has 
been said: 


A development of great technical importance resulted from the observa- 
tion, first recorded by the Northern Regional Research Laboratory (Report 
to the Committee on Medical Research, No. 16) that the addition of phenyl- 
acetic acid and related compounds to media in which penicillin is elaborated 
in surface culture gives rise to increased yields of antibiotic products. At- 
tempts to induce a Similar effect with submerged cultures having failed, 
the chemists of the Lilly Research Laboratories, in an extensive survey, dis- 
covered (L. 12) that the yields of penicillin could be raised by the addition 
of phenylacetyl derivatives of various L-amino acids. * * ** 


Another field in which the Peoria Laboratory made an important contribu- 
tion was the development of improved cultures for use in submerged fermenta- 
tion. Regarding this, Raper has stated that: “As it became apparent that 
the submerged fermentation was industrially feasible, the need for developing 
higher yielding submerged cultures was recognized.” There was accordingly 
instituted the tremendously successful program described in detail below: 


Strain NRRL 882, the culture employed for this type of production, was 
studied intensively. Efforts to obtain from it a natural variant characterized 
by substantially increased production were unsuccessful. Attention was 
then directed toward the isolation of new strains from nature. Previous 
work had shown that almost all members of the P. notatwm-chrysogenum 
group produced some penicillin. It seemed probable, therefore, that new 
strains possessing greater productive capacity than NRRL 8382 might be 
obtained if a larger number of isolates were examined. Such a search was 


undertaken early in 1948. 





54 Advances in Military Medicine, edited by E. C. Andrus et al., 2 vols., Little, Brown & 
Co., Boston, 1948, vol. 2, p. 745. 

55 Yearbook of Agriculture 1950-51, p. 736. 

56 The Chemistry of Penicillin, p. 9. 
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New cultures were obtained from moldy food products, fruits and vege- 
tables in early stages of spoilage, and from fertile soil collected from 
various stations in the United States and from many foreign countries.” 


The “Air Transport Command assisted * * * materially in securing” molds 
from widely separated areas and may have helped to set a precedent followed 
in organizing many of the searches for new antibiotic agents undertaken in 
succeeding years. Raper has stated that “in the handling of these cultures, a 
simple screening test was developed, which effectively weeded out the less pro- 
ductive strains; while the more promising ones were studied thoroughly in 
surface, and in shaken-flask, cultures.” Regarding the results of this work on 
cultures at Peoria, it has been stated: 


The most important culture discovered, however, was isolated from a 
moldy cantaloupe in Peoria. The culture represented a strain of Penicillium 
chrysogenum Thom, a species closely allied to P. notatum, and was desig- 
nated “NRRL 1951” in our collection of cultures. When first studied, it 
produced penicillin in slightly greater yields than NRRL 882, but within a 
few months a natural variant, which more than doubled the amount, was 
developed from it. This substrain, designated “NRRL 1951.B25,” was 
studied intensively here, and was at the same time made available to the 
penicillin industry in 1944. It was soon generally adopted for submerged 
production.” 


Another example of the fruitfulness of work begun at Peoria has been 
described as follows: 


Early in 1944, faced with the demand for ever-increasing amounts of 
penicillin, and fully cognizant of the progress that had been made in the 
development of more productive cultures at this laboratory, the Office of 
Production Research and Development of the War Production Board set 
up projects at various institutions to explore vigorously each of the several 
approaches to the problem of obtaining additional cultures characterized 
by increased penicillin production.” 


Raper has described the basis for, and the results of thus expanding the work 
already done at the Northern Regional Research Laboratory as follows: 


* * * it then seemed probable that cultures capable of producing greatly in- 
creased yields of penicillin might be obtained by one or more of the following 
means: The isolation of new strains from nature; the selection of natural 
variants from such new stocks; and the production of induced mutations 
from known good producing strains by X-ray and ultraviolet radiation, or 
by other artificial means. 

At the Carnegie Institution a mutation was produced that possessed 
outstanding merit. This culture, designated ‘‘X—-1612,” was produced by 
X-ray radiation of spores of NRRL 1951.B25. It was first tested at the 
University of Minnesota, but its real potentialities were established at the 
University of Wisconsin in small vat fermenters. The superiority of the 
strain was subsequently verified at this laboratory. Yields more than twice 
those produced by NRRL 1951.B25 were obtained from X-—1612 and it soon 


57 Kenneth B. Raper, ‘“‘Penicillin,’ Yearbook of Agriculture, 1943-47, pp. 702-708. 

58 Kenneth B. Raper, ‘““The Development of Improved Penicillin-Producing Molds,” An- 
nals of the New York Academy of Sciences, vol. XLVIII, art. 2, Sept. 27, 1946, p. 42. 
cultures at Peoria, it has been stated: 

59 Kenneth B. ‘Raper, “Penicillin,” Yearbook of Agriculture, 1943-1947, p. 703. 

6 Advances in Military Medicine, edited by E. C. Andrus et al., 2 vols., Little, Brown & 
Co., Boston, 1948, vol. 2, p. 737. 
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supplanted the parent culture as the principal strain for commercial pro- 
duction.“ Another great step forward was made by exposing spores of 
X-1612 to ultraviolet. In this way, the Wisconsin group succeeded in pro- 
ducing a mutation, designated “Q-176,” which doubled the yield produced 
by strain X-1612. The development of this outstanding culture for sub- 
merged production can be summarized as follows: | 


INRA Dasa core. P. chrysogenum, isolated from a moldy can- 
taloupe, capable of producing approximately 
100 u/ml. of penicillin in submerged culture. 


IN EVEUL, VO5P 255-2 A naturally occurring variant from NRRL 1951, 
capable of producing up to 250 u/ml. of 
penicillin. 

DR be mis oa An X-ray induced mutation from NRRL 


1951.B25, capable of producing more than 500 
u/ml. of penicillin. 

WismQ a1 (Gae5 ae SS An ultraviolet-induced mutation from X-—1612, 
capable of producing more than 900 u/ml. of 
penicillin. 

The importance of the foregoing developments to present penicillin produc- 
tion cannot be overemphasized, because current yields of 750 to 900 units 
per milliliter are obtained in nutrient solutions of approximately the same 
composition as those used to produce maximum yields of 75 to 100 units per 
milliliter with NRRL 832 just a short time ago. 

Some difficulties were encountered when these high-yielding strains were 
first adopted for commercial production, for they were found to produce pri- 
marily penicillin K, a type that is rapidly destroyed in the animal body and 
hence is much less useful clinically. However, if phenylacetic acid or phenyl- 
acetamide is added to the production medium, these strains can be made to 
produce primarily the more useful penicillin G. This procedure has been 
adopted by industry.” 

Only a few years later it was possible to write: ‘““* * * The cumulative 
result of all the studies [of penicillin cultures] was the development of a 
culture capable of yielding 900 to 1,000 units per milliliter of penicillin, in 
contrast to 75 to 100 units per milliliter obtainable from the unimproved 





61 Raper has stated further: “The production of this culture should be regarded as 
a joint endeavor. The stock was supplied by the Fermentation Division, Northern Regional 
Research Laboratory; the irradiation was performed by Dr. Demerec and associates at 
Cold Spring Harbor; the initial and indicative production tests were made at the Univer- 
sity of Minnesota, by Drs. Christensen and Ehrlich; and the real magnitude of its superi- 
ority was demonstrated, at the University of Wisconsin, by Professors Peterson and John- 
gon in 80-gallon fermenters.”” (Kenneth B. Raper, “The Development of Improved Penicil- 
lin-Producing Molds,” Annals of the New York Academy of Sciences, vol. XLVIII, art. 2, 
Sept. 27, 1946, p. 45.) 

Also, writing of X—1612 in its report for the fiscal year ended June 30, 1945, the Bureau 
of Agriculture and Industrial Chemistry of the United States Department of Agriculture 
commented: ‘This organism, known as X—1612, has produced 450 units of penicillin per 
milliliter in experiments at the Northern Regional Laboratory. If the recovery problem 
or some other difficulty does not interfere with the general industrial adoption of X-1612, 
a further marked increase will oceur in penicillin production without any increase in manu- 
facturing facilities. The tremendous value of a better mold strain cannot be overempha- 
sized. With apparent penicillin production in 1945 of approximately 8,500 billion units, 
which will sell for about 60 million dollars, an organism that can increase Broducgen by 
only 10 percent without additional cost would be worth 6 million dollars a year. (Bureau 
of Agricultural and Industrial Chemistry, Agricultural Research Administration, U. S. 
Dept. of Agriculture, Report for the Fiscal Year ended June 30, 1945, p. 21.) fh 

62 Kenneth B. Raper, ‘Penicillin,’ Yearbook of Agriculture, 1943-47, pp. 703-704. 
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parent. This culture is still universally employed for the manufacture of 
penicillin in this country and abroad, and additional selections and mutations 
have undoubtedly been developed in the research laboratories of the pencillin 
industry to increase productivity further.” 


Another highly important contribution of the Peoria laboratory to the tech- 
nology of penicillin production was “submerged, or tank, culture.” Regarding 
this, Kenneth B. Raper and Robert G. Benedict wrote in the Yearbook of Agri- 
eulture, 1950-51: 


From an economic standpoint, this method was particularly attractive and 
soon supplanted all other methods of manufacture. It reduced labor costs 
and increased productive capacity enormously. At the same time it obviated 
_the need for large and expensive incubators and the special machinery re- 
quired to handle the tremendous number of bottles or other containers for- 
merly used in producing penicillin by surface-culture techniques.“ 


Testimony to the same effect comes from Pratt and Dufrenoy, who say: 


Substitution, in 1944, of “submerged culture” technics for the original ‘“‘sur- 
face culture’ methods made possible much more efficient operating methods. 
From statistical data available from a penicillin plant [Data from the Cutter 
Laboratories, Berkeley, Calif.], it may be estimated that conversion from 
“surface” to “submerged” fermentation increased the amount of penicillin 
produced 20-fold in terms of space required for biosynthesis, and 72-fold in 
terms of man hours.” 


Of particular interest in this connection is the judgment of the British scien- 
tist, A. L. Bacharach,” of Glaxo Laboratories, Ltd. This British authority has 
stated : 


It is pertinent to ask why what has happened has in fact happened. 
How has it been possible to step up manufacture, taking the two couniries 
{the United Kingdom and the United States] together, from nothing to 
over 800 tons in 10 years and how has it been possible to replace a rela- 
tively crude hygroscopic freeze-dried material, containing not more than 
20 percent or 30 percent of the active antibiotic, by a white crystalline 
substance, conforming with pretty rigid pharmacopoeial standards, of over 
95 percent purity? The answer can be given shortly, if somewhat crypti- 
cally, in the single word “titers.” This is the fermentation technologist’s 
jargon for the content of his final product per unit of fermentation liquid. 
The higher this is, the greater are the economies in production, and for 
two distinct reasons. First of all, more active product is being produced 
per unit of raw material and per unit of capital invested in the plant; and, 
secondly, the process of purification becomes proportionately easier as the 
amount of “muck” (including water) to be removed is reduced. 


63 Kenneth B. Raper and Robert G. Benedict, “Drugs of Microbial Origin,’? Yearbook of 
Agriculture, 1950-51, p. 7385. As of 1952, Raper believed penicillin yields exceeding 1,500 
units per milliliter to be ‘not uncommon.” (Kenneth B, Raper, “A Decade of Antibiotics 
in America,” Mycologia, vol. 44, 1952, No. 1, p. 138.) 

6 Op, cit., “The Drugs of Microbial Origin,” p. 735. 

% Robertson Pratt and Jean Dufrenoy, Antibiotics, 2d ed., J. B. Lippincott Co., Phila- 
delphia, 1953, pp. 56—67. 

66 Coauthor, with B. A. Hems, of the chapter, “Chemistry and Manufacture of Penicil- 
lin,” in the volume of which Sir Alexander Fleming was general editor, Penicillin, Its 
Practical Application, 2d ed.,. Butterworth & Co., Ltd., London, 1950. 

67 Cf. U. S. Department of Agriculture, Yearbook of Agriculture, 1950-51, ‘‘Glossary,” 
p. 917: “Titer or Titre * * * (1) The strength of a solution, or the concentration of a 
substance in solution, as determined by titration or by microbiological assay; * * *,” 
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It is difficult to know what was the concentration, expressed in modern 
international units, of Fleming’s original liquid preparation, but most esti- 
mates make it highly probable that it contained no more than 2 or 8 units, 
that is, 1 to 2 micrograms, per milliliter. In the early days of penicillin 
production by surface fermentation this was pushed up to 10, 20, or even 
30 micrograms, which was considered by those working in the field under 
wartime conditions to be a pretty remarkable achievement. Then came 
further technological improvements, as well as the successful search for 
strains of higher penicillin-producing capacity, and the titers went up to 
60 or 70 micrograms or more. 

* * * * * * * 


Production on what was then thought to be the “large scale’ was by 
surface culture in unit vessels. Their size was restricted by the nature 
of the strains used, which could not feed economically on layers of medium 
more than a few centimeters deep. Tray culture was never successfully 
exploited, owing, aS we now know, to the inevitably increased difficulty of 
avoiding bacterial contamination over large surfaces. * * *®% 

Apart from general increases in knowledge concerning the nutritive 
requirements of the penicillin strains in use, and minor technical improve- 
ments in the handling of the mold and its metabolite, including greater 
efficiency in extracting the penicillin from the fermentation liquors, there 
was one outstanding discovery made at the United States Department of 
Agriculture, Northern Regional Research Laboratory, at Peoria, respon- 
Sible for a greater step-up of titer than almost all other improvements put 
together. This was the finding that washings from the maize starch 
industry * * * contained a stimulant not only for the growth of penicillium, 
but also for the production of penicillin—and these are not necessarily the 
same thing. These washings, when concentrated, were an agricultural by- 
product known in the United States as corn steep liquor * * *. Much 
credit for this advance must go to Dr. R. D. Coghill, who was in charge 
of penicillin research at Peoria. Whatever the origins of the finding, it 
has led, as a byproduct, to a marked step-up in penicillin production. * * * 

* * * % 3k * * 


Neither the experts in Dr. Coghill’s team at Peoria nor the several indus- 
trial and academic groups working on penicillin in this country and the 
United States were content to let the matter rest at the stage when corn 
steep liquor was being fully exploited for its beneficent effect on penicillin 
production. The goal of submerged culture, which would allow the replace- 
ment of small fermentation units in large numbers by large units in small 
numbers, was always before their eyes and in their minds. The exploitation 
of such strains, it was then discovered, would have to await solution of 
the complex and novel problems in chemical engineering presented by the 
need to carry out aerobic fermentation in large vessels of 5,000 gallons or 
more, with continuous agitation and under entirely aseptic conditions. This 
problem, which was handed by common consent to our wartime American 
colleagues in the field, and was brilliantly solved by United States 
chemical engineers, was followed by the erection of plant on both sides of 
the Atlantic capable of using the recently discovered varieties of penicillium 
that would grow beneath the surface and subsequently of improved strains 
that were the result of deliberate attempts to produce mutations by irradi- 
ation and other standard procedures. The experimental work that led, and is 





68 “Penicillin Production, 1929-54,” The Practitioner, vol. 174, January 1955, pp. 9-10. 
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still leading, to the upgrading of the molds and other organisms that produce 
antibiotics has yielded rich harvests; today, titres 50 to 100 times those 
achieved in the early days of surface culture are normal on both sides of 
the Atlantic.” 


Bachrach summarized briefly “the historical succession of four stages between 
the discovery of penicillin” and 1955, when the article was written. Slightly 
paraphrasing his language, these stages are: first, “the work of Fleming on its 
biological properties and the initial studies by Raistrick and his colleagues of 
its chemistry and the means to purify it”; second, “the brilliant and arduous 
work of Florey and his colleagues at Oxford, which not only made it desirable 
to produce penicillin on a large scale, but also gave many valuable pointers 
to the means of doing it’; next “a period of building up the new antibiotic 
industry, under wartime conditions, on the basis of surface culture, aided by 
the use of corn steep liquor and various other devices for raising titres’; and 
“the last phase, in which we still are, * * * that due to the use of surface- 
growing strains, and their continued upgrading, in deep fermenters.” 

Regarding the broad significance of these developments, he concluded his 
paper with the following statement : 


It is perhaps worth pointing out that these advances did something more 
than improve penicillin production. They made available not only plant but 
also “know-how” about aerobic asceptic fermentation on a manufacturing 
scale for submerged culture, so that the problems of producing on a similar 
scale further antibiotics, as they were discovered and became of practical 
interest to the medical profession, were half solved before they were even 
posited. And this applies not only to antibiotic production, but also to the 
manufacture of at least one other compound of wide medical importance, 
namely, cyanocobalamin (vitamin Bi), as well as to operations needed 
during the manufacture of riboflavine. * * *” 


6 Ibid., pp. 10-11. 
 Ibid., p. 11.- 
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Table of Conversion Ratios for Chapter III 


APPENDIX TABLE FOR CHAPTER III 


Rates used in converting to pounds in tables 8 and 9 


Generic name nee 
Penicillin: pound 
bilo G me ae eee Poet A ee ee 0. 70 
ete een ee ots oi he le ee ee eee ho 
U2 OUST TY Se eg cine a eg COIN RETA on CE Li RATES A RIEM EE Lote, 
SROrCLEbaneenpee ee Meee: hank apes Ee eee ie bel ee Sat AMG eS Bees) 
IO) Gees eee a oe erie iy a Face i gui ie Ne ei eco A on 5 Aba 
meneame Leann wha SN: ee eo) Be ie A LS . 498 
ey Be iO mn Pere gee ia mick ec eee Ce Nhe A Pe Ss ws . 539 
Pivemayiecuyienediamimes. 9 2.0 Lo el ea a esha k . 548 
LL SEND DCTE ES DOU TS erg Sa a ere AR ar een ae a a Peed ee es Cy EE EE . 479 
BDemet CaSGINe a tie haGeie) so Seat sie) ego ec ee ape ede Ee eS . 734 
Here nie a epee ky, Aa eek a5 oA ole ie om a wa rk ee ae sg . 548 
Giloroprocaimne> Pemiciinn OO? lo. oo eo ee ee . 434 
CON POR | os Bok EEE OU RGR ee Sete Re aS MES Sine RN PONS tae Rn ONES a Or 
SA EES | BY STAI AEC i G10 (1 Sa a eg eS J a Ut ag Oy ee ea greg a are 767 
ATI ae DC SENET 8 ca 0) ae Se a ml See SA NCIC Sige Wl atone eee ne ae . 767 
Sav HET Cram Abee Neel eS uaa gee So oe eS . 767 
SO2 Soditnits 22 2 Sa hap Pia Naat Eel sonal tt ae Oe Oy ee £55 
Bacitracin—_-_-__- eae Param a a DLS Te a eS a ae iY) eh ae pe eS ete . 0226 
pyar th ere Sey em sen Gs org Heke a ob | SG es eee Soe A 1. 58 
BONY aU eciinG wa poh oe eee ete Nt Pe SR Ee Ee OT ates 2. 812 


Streptomycin, dihydrostreptomycin, neomycin, chlortetracycline, chlor- 
amphenicol, tyrothrycin, oxytetracycline, viomycin, actidione, eryth- iilograms 
romycin, fumagillin, carbomycin, tetracycline, anisomycin, cyclo- per pound 
serine, amphomycin, novobiocin, oleandomycin, and candicidin__-_---- 0. 4536 


Source: D. C. Grove and W. A. Randall, Assay Methods of Antibiotics, Medical Encyclopedia Inc., 
New York, 1955; Federal Register December 20, 1955; p. 9669, Webster’s New Collegiate Dictionary, 1956, 
p. 970; Jawetz, Ernest, ‘“Polymyxin, Neomycin, Bacitracin, Antibiotics,’ Monograph No. 5, Medical 
Encyclopedia Inc., New York, 1956, p. 51; FTC manufacturers’ estimates. 
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APPENDIX IV 


Legal Documents 


EXHIBIT 1 


Dihydrostreptomycin Licensing Agreement of March 22, 1948, entered into 
as of March 22, 1948, by and between Merck & Co., Inc., a New Jersey corpora- 
tion having its principal office at Rahway, N. J. (hereinafter referred to as 
“Merck’”’) ; Parke, Davis & Co., a Michigan corporation having its principal 
office at Detroit 32, Mich. (hereinafter referred to as ‘“Parke’’) ; E. R. Squibb & 
Sons, a New York corporation having its principal office at 745 Fifth Avenue, 
New York 22, N. Y. (hereinafter referred to as ‘‘Squibb”). 

Witnesseth : 

Whereas each party represents that it owns the entire right, title, and in- 
terest in and to one of the applications involved in Interference No. 83,055 and 
set forth in schedule A, attached hereto ; 

Whereas said interference and other interferences closely allied with Inter- 
ference No. 83,055 as may occur by reason of motions under rule 109 would 
entail expense and protracted delay to determine to which party or parties 
patents should be issued, and each party is desirous of eliminating or reducing 
such expense and delay; and 

Whereas each of the parties represents that it has full power to enter into 
and carry out the terms of this agreement ; 

Now, therefore, in consideration of the premises and of the mutual covenants 
hereinafter contained, it is hereby mutually agreed as follows: 


ARTICLE I: DEFINITIONS 


A. The term “United States,” as used in this agreement, shall mean the ter- 
ritory, including the United States of America proper and Puerto Rico, in which 
United States patents are effective. 

B. The term “licensed matter,” as used in this agreement, shall mean: (1) the 
counts of Interference No. 83,055 as originally declared; (2) any additional 
counts of Interference No. 83,055; (8) any counts of any other interference be- 
tween applications owned by two or more of the parties hereto arising out of 
motions under rule 109 in Interference No. 83,055, where such counts of the other 
interference are directed to dihydrostreptomycin or the production thereof, and 
are in accord with the provisions of the last sentence of this paragraph B; and 
(4) any claim of any application owned by any party hereto where such claim, 
otherwise allowable, has been stated by the Patent Office to be held subject to 
the determination of Interference No. 83,055. In no event shall licensed matter 
be understood to extend to claims to any part or all of any process for produc- 
ing streptomycin per se or any salt thereof, or to any compound or intermediate 
prepared in or resulting from such production. 

C. The term “licensed patent,” as used in this agreement, shall mean any 
patent granted on any application of any party hereto containing as a claim 
therein any licensed matter, or any reissue of such patent. 

D. The term “net selling price,” as used in this agreement, shall mean, as 
to products on which royalty is payable by virtue of article IV hereof, the seller’s 
wholesale price f. 0. b. place of manufacture, minus: 
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(1) Transportation charges or allowances (for the delivery of such products 
from the f. o. b. place of manufacture to the customer), if any, paid or allowed 
by the seller ; 

(2) Trade discounts and/or quantity discounts allowed, if any; 

(3) Cash discount of 2 percent, whether allowed or not; 

(4) Sales and other excise taxes and duties imposed upon and paid by the 
seller directly with respect to the sale; and 

(5) Allowances or credits to customers on account of settlement of complaints, 
rejection or return of such products, or retroactive price reductions. 

For the purposes of this agreement, a product shall be considered as sold when 
shipment thereof is made by a licensed party to its customer. 

EH. The term “subsidiary,” as used in this agreement, shall mean any corpora- 
tion of whose voting stock one of the parties hereto owns at the time at least a 
majority, such corporation being deemed a subsidiary only as long as such owner- 
ship continues. 


ARTICLE IL: SETTLEMENT OF INTERFERENCES 


A. The parties hereto shall settle, as rapidly and efficiently as possible and iu 
accordance with the provisions of paragraphs B and C of this article, the con- 
troversy regarding priority of invention as to any licensed matter. 

B. Within a reasonable time after the receipt of a completely executed copy 
of this agreement, and within a reasonable time after the declaration of any sub- 
sequent interference among parties hereto concerning licensed matter, the parties 
hereto shall, through their patent attorneys, confer on the question of priority 
with respect to any claims of applications involved in said interferences and 
grant concessions of priority, or abandonments of the contest, if they can agree 
as to priority. 

C. Where there is doubt as to which party is entitled to priority, the parties, 
through their patent attorneys, shall stipulate evidence, and such evidence shall 
be submitted to the Patent Office in accordance with the rules thereof. Each 
party shall assist in the rapid determination of priority by the use of such stipu- 
lations to as great an extent as its patent attorney may deem to be non-preju- 
dicial. Any party may supplement such stipulations, if desired, by testimony not 
inconsistent therewith and in accordance with the rules of the Patent Office. 
Such stipulations, so supplemented, shall constitute the records of the parties in 
said interferences. The decision of the Board of Interference Examiners, based 
on such records, shall be accepted as final and conclusive upon each of the parties 
hereto, and each such party hereby waives any and all right to appeal from any 
such decision; provided, however, that the parties hereto may take any or all 
appellate or other procedures against strangers to this agreement. 


ARTICLE IIT: GRANT OF LICENSE 


A. Each of the parties hereto hereby grants each of the other parties a non- 
exclusive license under all licensed patents owned by such granting party to 
make, use and sell any product covered by, and to practice any process covered 
by, any claim of such patent within the scope of the licensed matter. To the 
extent necessary to render operative the licenses herein granted, they shall be 
construed as extending to claims of patents owned or controlled by the granting 
parties which claim or claims in respect of dihydrostreptomycin or the produc- 
tion thereof are broader than the licensed matter (and so dominate the licensed 
matter) and are necessarily infringed by practicing a process or preparing a 
product under such licenses; but in no event shall this extenison to such dominat- 
ing claims be understood to apply to claims to any part or all of any process 
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for producing streptomycin per se or any salt thereof, or to any compound or 
intermediate prepared in or resulting from such production. These licenses are 
subject to the royalty provisions of article LV. 

B. The licenses granted pursuant to this article III affect only United States 
patents, relate only to activities within the United Sates and do not carry with 
them any license, express or implied, under any patent of any party, except as 
in this agreement expressly provided. 


ARTICLE IV: ROYALTIES 


A. Royalty, as set forth in detail in paragraph B of this article IV, is pay- 
able with respect to operations under a licensed patent, and it is contemplated 
in such paragraph B that if all or part of the licensed matter shall appear as 
claims in any patent or patents owned by one party, none of the remainder, if 
any, of such licensed matter shall appear as a claim in any patent owned by an- 
other party. In other words, it is contemplated in such paragraph B that one 
party shall prevail over the other two parties as to all licensed matter granted in 
any patent. Thus, royalty with respect to licensed operations shall be payable 
by each of the two losing parties to the prevailing party. 

B. Any party hereto operating under a licensed patent or patents shall pay 
to the owner thereof a royalty of one percent (1%) of the net selling price 
of all quantities of any product (1) sold by such operating party and covered by 
any claim of such patent or patents that is within the scope of the licensed mat- 
ter; or (2) made by a process covered by any claim of such patent or patents 
that is within the scope of the licensed matter and sold by such operating party. 
If such operating party uses any such product during any given period in the 
production of other materials, the product so used, and not such materials, shall 
be subject to royalties hereunder when such materials shall have been sold by 
such operating party; and the net selling price of the product so used shall be 
based on the amount which such operating party would have received from 
the sale of the used quantity of such product per se at such party’s regular 
published price therefor during said period. If there is no such price, such basis 
shall be the then-current price therefor on the open market. 

C. If, however, one of the parties hereto prevails over the others as to one 
part of the licensed matter and another party prevails as to a different. part 
thereof, so that such parts shall appear as claims of diversely owned patents, 
the parties hereto agree to negotiate a mutually satisfactory adjustment of 
royalties payable by parties operating under such claims, such adjustment to 
reflect the relative importance of the claims concerned. In no event shall a 
party hereto pay royalties aggregating more than one percent (1%), computed 
in accordance with paragraph B of this article IV, with respect to any product 
on which royalties are payable. If the parties concerned are unable to agree 
on such adjustment, the matter shall be arbitrated as provided in article 
VIII hereof. 

D. If there should be marketed in substantial quantity by a stranger to this 
agreement a product covered by, or made by a process covered by, a claim of 
any licensed patent within the scope of the licensed matter, and such stranger 
is not licensed under such licensed patent, no royalty shall be payable by any 
party with respect to its operations under such licensed patent while such 
marketing continues. 

BE. Each party operating under any claim of any licensed patent coming within 
the scope of the term licensed matter, agrees to render to the owner of such 
patent a written report within two (2) months after the end of each calendar 
half-year, stating that party’s operations under such license to an extent suffi- 
cient to show the royalty due for such operations during such calendar half- 
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year, and, simultaneously therewith, to pay the royalties Shown due thereon as 
provided in this article IV. Each such party agrees to keep full, true, and exact 
records of all its operations under the license involved, in sufficient detail to 
enable the royalty payable by such party to be determined, and further, to 
permit its books and records to be examined, not oftener than once annually, 
to the extent necessary to verify such reports. Such examination may be made 
at the expense of the party owning the licensed patent, by any auditor appointed 
by such party and acceptable to the party making royalty payments, or by a 
certified public accountant appointed by the party owning the licensed patent, 
or, at the option and expense of the party making the royalty payments, by 
independent certified public accountants selected by such party making the 
royalty payments. In no event are the quantities or prices to individual custom- 
ers, or costs of production, to be disclosed to the party owning the licensed patent. 

F. If a product is covered, or made by a process covered, only by a claim held 
invalid in an unappealed or unappealable decision of a court of competent juris- 
diction, no royalty shall be payable with respect to the manufacture, use and/or 
sale of such product after the date of such decision. 


ARTICLE V: TERM OF LICENSES 


Licenses herein granted are to extend for the full life of the patents licensed, 
subject, however, to termination as provided for in article VI hereof. 


ARTICLE VI: TERMINATION OF LICENSES 


Licenses herein granted are terminable forthwith by the granting party upon 
written notice to the party licensed who (1) after preliminary written notice 
to pay royalties due to such granting party, fails to pay such royalties within 
sixty (60) days after such preliminary notice, or (2) in case a controversy 
regarding such royalties has developed, fails to pay within sixty (60) days after 
the date set in a decision under article VIII hereof requiring that royalty be 
paid, or (3) becomes insolvent or makes an assignment for the benefit of creditors. 
In the event of such termination, unpaid royalties accrued to the effective date 
thereof shall be payable forthwith. 


ARTICLE VIL: LICENSES TO STRANGERS 


In the event that any party hereto should grant to any stranger to this agree- 
ment a license, under any of the licensed patents, of the same scope as the 
licenses granted hereunder and at a lower royalty rate than provided for ia 
article IV hereof (excepting licenses the consideration for which consists in 
whole or in part of patent rights or other rights of such substantial value as in 
the opinion of such party are sufficient to warrant a reduction in royalty rate 
below that provided for hereunder, or the acceptance of such rights in lieu of 
royalties), such party shall promptly give the other parties hereto notice thereof, 
and such other parties shall have the right to amend the royalty rate provided 
for in article IV hereof to conform to such lower royalty rate, such amend- 
ment to be effective as of the effective date of such license to such stranger 
and for as long as such lower royalty rate is available to such stranger. 


ARTICLE VIII: ARBITRATION 


This agreement shall be construed in accordance with the law of the State of 
New York. Controversies of any kind relating to this agreement, other than 
those referred to in article II hereof, shall, at the option of any party involved 
in such controversies, be settled by arbitration in accordance with the rules 
then obtaining of the American Arbitration Association. All the parties thereto 
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agree to be bound by the decision in any such arbitration, and agree that judg- 
ment upon such decision may be entered in any Federal or State court hav- 
ing jurisdiction. 


ARTICLE IX: COVENANTS OF FURTHER ASSURANCE 


Each party agrees, upon request of any other party hereto, to execute such 
documents and take such action as may reasonably be required in order to carry 
out the intents and purposes of this agreement. 


ARTICLE X: NOTICES 


Any notice required or permitted to be given under this agreement by any of the 
parties to any of the others shall be deemed to have been sufficiently given for all 
the purposes hereof if mailed by registered mail, postage prepaid, addressed to 
the party to be notified at its address shown at the beginning of this agreement 
or at such other address as it may have theretofore furnished in writing to the 
notifying party. 

ARTICLE XI: ASSIGNABILITY 


This agreement shall inure to the benefit of subsidiaries and successors of the 
parties hereto or to an assignee of all or substantially all of the business and 
assets pertaining to the antibiotic business of a party, but shall otherwise be 
assignable only after prior written consent of all the other parties. Each party 
shall remain liable for the performance of its obligations hereunder as respects 
the activities of its subsidiaries. 

In witness whereof, each party has caused its corporate signature and seal 
to be affixed and attested by its duly authorized officers, as of the date first above 
written. 

Merck & Co., INC., 



































By ; 
Vice President. 
Attest: 
Secretary. 
PARKE, DAvIS & Co., 
By ) 
Vice President. 
Attest: 
Secretary. 
BE. R. Squips & Sons, 
By ; 
Vice President. 
Attest: 
Secretary. 
SCHEDULE ‘A” 
1. Owned by Merck & Co., Ine. 


Application of Robert L. Peck, Serial No. 648,007; filed February 15, 
1946. 
2. Owned by Parke, Davis & Co. 
Application of Mildred C. Rebstock and Harry M. Crooks, Jr., Serial No. 
671,122; filed May 20, 1946. 
3. Owned by E. R. Squibb & Sons. 
Application of Josef Fried and Oskar Wintersteiner, Serial No. 668,482; 
filed May 9, 1946. 
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ExnuHipit 2 


REJECTION OF TETRACYCLINE PATENT APPLICATION 
(Mailed November 24, 1954) 


DEPARTMENT OF COMMERCE 
UNITED STATES PATENT OFFICE 


Washington 
CONNOLLY AND Hutz, 228 DELAWARE TRUST BLpG., WILMINGTON 1, DEL. 
Paper No. 10 
Applicant : Lloyd H. Conover 
Ser. No. 385,041 
Filed Oct. 9, 1953. Mailed Nov. 24, 1954, Pat. Div. 6 
FOR TETRACYCLINE 


Please find below a communication from the examiner in charge of this 


application. 
(s) Rosert C. WATSON, 


Commissioner of Patents. 
Art cited: 
Duggar, 2,482,055, Sept. 18, 1949, 260/559. 
Niedercorn, 2,609,329, Sept. 2, 1952, 260/559, 


Interference No. 86,861 having been dissolved and Interference No. 86,799 
having terminated favorable to applicant, ex parte prosecution is resumed. 

Claims 7, 8 and 9 are allowed. 

All the product claims, 1 to 6, are rejected as being unpatentable over each 
of Duggar and Niedercorn for the reasons set forth in the Examiner’s Motion 
to Dissolve (XII) in Interference No. 86,861 and repeated below: 

The product claims are unpatentable over the disclosures of Duggar U. S. 
2,482,055, September 13, 1949, and Niedercorn, U. S. 2,609,329, September 2, 1952. 
Duggar and Niedercorn each produce an antibiotic, disclosed as “Aureomycin” 
by a fermentation process employing Streptomyces aureofaciens and mutants 
thereof. The antibiotic is identified as an antibiotic by assay against bacteria. 
It appears from the disclosure of Minieri et al. (a party to Interference No. 
86,861 in an application available to all the parties, that tetracycline is also 
produced in such a fermentation process and that larger proportions thereof 
are produced when the amount of chloride in the fermentation medium is low 
(see p. 1, lines 5 to 20 and lines 24 to 28, and pp. 12, 16, 17, 18, and 19 of 
Minieri et al. S. N. 382,637). Minierie et al. clearly and specifically disclose that 
the micro-organism used to prepare tetracycline belongs to the Duggar et al. 
U. S. 2,482,055 species and that “the characteristics are identical with those 
exhibited by a known culture of S. aureofaciens.”’ While neither Duggar nor 
Niedercorn may have realized that tetracycline was in fact produced, they did 
appreciate and disclose, that the product was an antibiotic. No invention is 
involved in the identification of the tetracycline and its hydrochloride inherently 
produced by the reference processes. (See In re Lieser, 1947, C. D. 447, and 
Allen et al. v. Coe, 1948, C. D. 55.) It has long been held that a purer form 
of an old product is not inventive and the (apparent) mixture of the prior 
art meets the claims. (See Parke, Davis v. Mulford, 189 F. 95, and In re Kebrich, 
96 USPQ 411.) Ww,» 





LES OM (Signed) ————.- : 


Lidoff : cln. Examiner. 
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